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Abstract 
 
The use of daylight as illumination in commercial buildings can have various 
beneficial roles such as: energy conservation, enhanced physical, physiological and 
psychological well-being for occupants and contributes to the goal of a sustainable 
built environment.  In order to achieve these benefits, appropriate fenestration, 
daylighting systems and control strategies should be used to modulate daylight 
admittance and light redirection to the building interior.  Optimizing and balancing 
desirable and unpleasant effects of a daylighting system can be a challenge.  Hence, 
to maximize the performance of a daylighting system requires a comprehensive 
study, with both measurements and simulation. 
 
This study has examined the effectiveness of applying a controlled Venetian semi-
silvered reflective blind within the clerestory portion of a direct solar (north) facing 
façade system in a deep cellular office space.  The intent of the installation was to 
maximize daylight penetration and distribution along the ceiling plane, so as to 
optimize visual comfort for the occupants and reduce artificial lighting energy 
consumption.  To get the most out of the efficiency of the daylight guiding louvre 
system, light-dimming controls and photo sensors have been installed on the artificial 
light fittings to compensate for any inadequacy of daylight reflected down upon the 
working level.   
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According to the research literature, there is no specific standard to regulate the 
various kinds of daylighting systems.  In general, laboratory testing of daylighting 
systems by manufacturers are inadequate to guarantee in-situ performance.  The 
investigated daylight guiding system in this research has been laboratory tested in 
North America and European countries.  However, its on-site performance in a 
southern hemisphere office building is unknown.  Therefore, a methodology to 
evaluate the system in an office building, with the focus on the latitude and climate 
specific differences in the southern hemisphere, was required. 
 
This research has developed a comprehensive evaluation of the daylight-guiding 
system in an Australian office building.  On-site measurements have been conducted 
to evaluate the performance of the applied system.  In addition, several simulation 
and correlation studies have been carried out to identify the daylight contribution 
from the louvre system.  An energy simulation for the cellular office space, with the 
daylight guiding system installed, has been executed to determine the energy saving 
potential and cost benefits of the system.  Experimental results show that the 
reflective louvre system can provide up to 70% additional illuminance on the 
workplace level under clear sky conditions.  However, the system failed to produce a 
reasonable cost saving to the office space and has the drawback of creating contrast 
and casting light patterns onto the room surfaces at different times of the day. 
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1. Introduction 
 
Due to growing public awareness about carbon emissions, climate change and 
sustainable design in the 90s, the use of natural light in non-residential buildings 
has become important to improve energy efficiency by minimizing artificial 
lighting, heating and cooling loads.  However, existing designs of large 
buildings, which include office buildings, are usually contrary to these principles 
(Yeang 1999).  Office buildings normally have deep plans or large floor areas 
that rely almost completely on electricity for lighting and air conditioning (Gissen 
2002). Most commercial buildings are used during daylight hours, resulting in 
the paradox that electrical consumption is greatest when there is also the 
greatest abundance of natural light for illumination (Muhs 2001).  The 
introduction of innovative, advanced daylighting technologies and systems can 
considerably reduce a building’s electricity consumption and significantly 
improve the quality of light in an indoor environment.  
 
All daylighting technologies and systems should be designed based on either 
one or multiples of the following intentions: solar shading, glare protection and 
redirection of daylight.  Ideally, daylight harvesting works best from a skylight as 
it can provide a genuine source of natural light with the highest intensity.  
However, in the case of commercial office buildings, the chance of having a 
skylight within reach of every floor level without additional daylighting 
technologies is rare.  Harvesting of daylight is commonly achieved through 
conventional or side windows.   
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Daylight guiding systems are passive technologies that are applied to side 
windows to redirect and diffuse sunlight deep into the interior space without the 
secondary effects of glare and overheating. There are several systems readily 
available in the market and they have similarities in their general performance, 
position in the building or means of directing sunlight.  These systems can be 
grouped into three passive daylight guiding strategy types: horizontal element, 
vertical element and parabolic collectors; or commonly they are described as 
light shelves, prismatic panels (laser cut panels) and reflective louvres 
respectively.    
 
The three passive daylight guiding technologies each have advantages and 
disadvantages.  Light shelf, for example, are commercially available as a 
customised product and require consideration during the building design stage.  
It performs poorly on east and west façades and on overcast days (Ruck et al. 
2000).  A laser cut panel, as a type of prismatic panel, even with the advantage 
of low maintenance cost, can be costly to manufacture and is non-adjustable, 
and therefore potentially creating glare at any particular time of a day.  On the 
other hand, reflective louvres are relatively economical in scale and easy to 
install to existing buildings.  There is a variety of types of reflective louvres on 
the market with different profiles for multi functions.  European companies such 
as Warema, Hüppe and Retrosolar offer automated reflective louvres designed 
to provide both adequate shading and to increase light levels in the building’s 
interior.   
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It appears that the benefits from daylighting technologies and systems are 
promising, and have been widely adopted around the world.  But the reality is 
daylighting technologies and systems have not always lived up to their promise.   
There are common hurdles that have hindered the integration of daylighting 
systems in buildings, such as: the lack of knowledge regarding the performance 
of advanced daylighting systems; insufficient understanding of climatic 
conditions and built environment scenarios; and the lack of an appropriate user-
friendly and accurate daylighting design tool.  To remedy the above concerns, 
test room, scale model and in-situ testing of common daylighting technologies 
and systems have been undertaken in European countries.   
 
Among worldwide daylighting experts, there have been a number of 
performance studies of the various passive daylight guiding technologies in the 
last 10-15 years.  Light shelves have been tested by a number of laboratories in 
the UK and Denmark.  In general, optically-treated light shelves can effectively 
provide light guidance with distances reaching 5 m to 10 m from windows (Ruck 
et al. 2000).  Laser cut panels have been tested both in Germany, Norway and 
Queensland, Australia with light guiding distance varying from 4 m to 6 m, 
though the quality of the guided daylight was mixed (Edmonds 1993; Ruck 
1982, 1985; Ruck et al. 2000).   A number of reflective louvres and blinds have 
been laboratory tested in the UK and USA.   The International Energy Agency 
(IEA) also commissioned tests on the effect on indoor lighting conditions due to 
various types of Venetian blinds, under both overcast and sunny conditions. 
Blind types included: standard, light gray-coated, semi-specular, translucent, 
semi-silvered and the “fish" system (Köster 2004; Ruck et al. 2000). Most tests 
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were performed in mock up test cells and the effects of blind tilt angle by 
daylight-responsive lighting control were not considered.  The authors 
concluded that none of the tested systems significantly increased the lighting 
levels at distances of 6 - 8 m from side window compared with the base case of 
an uncovered window.  Therefore, evidence of the advantages of daylight 
integration in buildings is still insufficient and can be hard to quantify, 
particularly when the advanced daylighting technologies and systems are 
applied to an existing building.   
 
Of the three passive daylight-guiding technologies, the use of both indoor and 
outdoor light shelves has been well-known for years.  Although they have not 
been widely used in Australia, performance evaluations on both external and 
interior light shelves are plentiful in the literature.  Laser cut panels (LCP), as a 
type of prismatic panel is an Australian product.  Applications and performance 
study on laser cut panel has been done in Australia (Edmonds 1993). 
Simulation algorithms and hybrid applications based on this technology have 
been developed in recent years around the world (Greenup & Edmonds 2004; 
Greenup et al. 2000).  Thus, further investigation of daylighting performance of 
this technology is not necessary.  On the other hand, studies of reflective 
louvres and blinds are relatively few in the literature.  Documentation on their 
application in Australia is minimal.  Performance of the technology has not yet 
been fully researched and optimized for existing building installation scenarios.  
Therefore, this research will focus on the performance study of daylight-guiding 
reflective louvre system in Southern Hemisphere rather than the other two 
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passive daylight guiding technologies.  This research will also investigate the 
feasibility of applying those systems to an existing Australian office building.   
 
1.1. Aim of the research 
 
The aim of this research is to investigate the effectiveness of a controlled semi-
silvered reflective Venetian blind system within the clerestory region of a direct 
solar (north) facing façade system in an existing Australian office building. 
 
A key task of this research is to develop a methodology that can examine the 
selected daylight-guiding louvre system in terms of lighting performance, visual 
comfort and energy saving.  The effectiveness of the system, drawbacks and 
further improvements on the system will be examined based on findings from 
various experiments. The structure of the thesis is outlined below. 
 
 
1.2. Outline of the thesis 
 
Following this introductory chapter, the second chapter reviews the findings of 
the research literature and knowledge of the research topic.  Chapter 2 focuses 
on the fundamental basics and benefits of daylighting.  Sunlight and well-being 
provides inspiration to all daylighting design, and how it affects human beings.  
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Physiological and psychological benefits, increase in productivity and energy 
saving are all the well-known benefits from daylighting building.  The 
fundamentals of sky conditions and design strategies for daylit buildings are 
then discussed.  Various daylighting performance parameters related to the 
study are examined and explained.    An overview of how overseas researchers 
evaluate a daylighting technology will be provided based on literature findings. 
General lighting standards and newly-introduced building accreditation schemes 
that have been adopted in Australia are discussed.  The chapter provides 
background information that links to this research study. 
 
Chapter 3 is another literature review chapter, but with focus on daylighting 
systems and technologies.  Three major types of passive daylight guiding 
systems and technologies are examined.  Since this research has principally 
focused on the effectiveness of a particular daylight guiding system in an office 
building, a detailed section about the technology is provided.  Previous 
experimental findings around the world and performance studies of the 
technology from the literature are examined.  The chapter links the findings from 
the literature with the significant reasons to perform this research study.   
 
Chapter 4 develops a methodology to conduct this research.   The chapter 
summarises several important issues and identifies the key research area.  The 
main steps involved in performance assessment of daylighting systems are 
listed and illustrated in a flow chart. 
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Chapter 5 describes the experimental design.   Daylighting performance 
parameters are measured and tested through the experiments designed in this 
chapter.   The purpose and reasons behind the design of various experiments 
and simulations are also discussed.  Details of the selected building and 
daylighting systems for experiment and simulation are provided.  The 
significance and reasons of choice of the above scenario are discussed.  In 
addition, climatic data and statistics related to daylight availability in Melbourne 
Australia – the location where the experiments are undertaken are provided.     
 
The results of the research are presented and discussed in Chapter 6.  Results 
from in-situ measurements, simulation and regression study formulas are 
documented, compared and analysed.  Simulation models are validated with 
real measured data.  Correlation between indoor lighting conditions enhanced 
by the daylight-guiding systems and external sky conditions, are evaluated by 
regression study with a spreadsheet programme.  In-situ lighting conditions in 
processed luminance images are discussed in terms of visual comfort. 
 
Conclusions of the research are presented in Chapter 7.  The significance of 
results are concluded, and the limitations of the experiments and simulations 
are summarized.  The success (and otherwise) of the effectiveness of applying 
a daylight guiding system in a southern hemisphere office building is concluded.  
Improvements to the selected daylighting system are suggested.  
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The appendix provides additional information that serves as supportive 
explanations but do not contribute to the main argument.  Calculation details of 
correlation study prediction formulas; input summary pages for energy 
simulation model are all appended in this section.  
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2. Daylighting for building 
 
In the last introductory chapter, the application of advanced daylighting 
technologies and systems has been identified as one of the innovative solutions 
to achieve energy savings and enhance the indoor quality of the built 
environment.    However, the strategies and systems may not always live up to 
their promise especially when the technology is installed on existing buildings.  
This chapter provides the fundamental knowledge of the benefits of daylighting 
and typical design strategies for a daylit office building.  Various daylighting 
performance evaluation criteria are introduced and explained.  Commonly-used 
daylighting standards and building accreditation schemes in Australia are also 
discussed. 
 
 
2.1. Benefits of daylighting 
 
The provision of daylight to a workplace can have multiple advantages such as: 
benefits to human well-being, improvements in work productivity, energy 
savings and a reduction in thermal loads.  The following sections will provide 
details of these advantages. 
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2.1.1. Sunlight and human well-being 
 
“Daylighting – the illumination of a space by sunlight – is not purely a 
matter of quantity and measurement.  Decades of research have shown 
that access to natural light increases our well-being, comfort, and 
productivity – we are visual-centric beings.” (Lovell 2010, p. 83) 
 
The relationship between humans, sunlight and architecture is intimate.  
Sunlight, similar to artificial light, physically is a source of electromagnetic 
radiation in the visible range.  Artificial light can emulate closely the spectrum of 
sunlight, but it cannot provide the variation of sunlight due to weather 
conditions, difference in time, season and location.  Therefore, from the ancient 
past to the modern era, sunlight still plays an important role for human beings.   
 
Sunlight conditions can influence human physiologically (visual system and the 
circadian rhythm) and psychologically (human perception) (Boyce et al. 2003).  
Persistent disability glare for a visual task, for example, can deteriorate task 
performance dramatically.  Sudden change in quality and quantity of sunlight 
can have serious impact on the human visual system.  Circadian rhythm is a 
roughly 24 hour endogenously generated cycle in the physiological processes 
of living beings, the biological clock similar to the light and dark cycle in a day 
and can be found in almost all plants and animals.  Exposure to high levels of 
sunlight is the key factor to determine phases in circadian cycle.  It has the 
essential role in regulating metabolic rates and hormones in humans, therefore 
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is essential to maintain physical health and enliven the mind and boost work 
performance.   
 
Sunlight also facilitates vitamin D synthesis for a healthy skin and strengthening 
the composition of blood.  On the contrary, lack of exposure to sunlight can 
suppress the production of the hormone, melatonin, which can be a cause of 
the seasonal disorders such as winter depression and daytime tiredness 
(Partonen & Lonnqvist 1998). 
 
There is no doubt most people would prefer daylight over artificial lighting as 
their primary source of illumination, unless the scenario is associated with visual 
or thermal discomfort or a loss of privacy.  In the psychological aspect, 
admission of daylight does not just provide a view to the outside environment, 
but also enhances the occupant’s psychological perceptions such as mood.  
Cuttle (1983) found that people believe working in sunlight results in less stress 
and discomfort than working by electric light, and that working by electric 
lighting is harmful to health, particular in the long term.  Wells (1965), Manning 
(1967), and Markus (1967) in the UK; Cuttle (1983) in the UK and New Zealand; 
Heerwagen and Heerwagen (1986) in the USA; and Veitch et al. (1993) in 
Canada, have previously investigated human preference to work by daylight 
and artificial lighting.  Table 2.1 summarizes the results of the literature cited 
above.  Among the respondents, 88% prefer daylight rather than artificial 
lighting because of psychological comfort.  Over 70% of respondents prefer 
daylight because of the health benefits.  Half of the respondents prefer daylight 
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over artificial lighting as they believe daylighting can achieve better work 
performance.  
 
Table 2.1: Percentage of occupants preferring daylight or electric 
light for different factors (Boyce et al. 2003) 
Factors Daylight 
better 
Artificial 
lighting better 
No 
difference 
No 
opinion 
For psychological comfort 88 3 3 6 
For office appearance & 
pleasantness 
79 0 18 3 
For general health 73 3 15 8 
For visual health 73 9 9 9 
For colour appearance of 
people and furnishings 
70 9 9 12 
For work performance 49 21 27 3 
For job requiring fine 
observation 
46 30 18 6 
 
 
 
2.1.2. Daylight and productivity 
 
The productivity of workers in a building can be affected in many different ways.  
It can be affected by personal factors such as stress, health and work 
satisfaction; organizational management at the workplace; or physical 
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environment of factors like the building design and built environment comfort.   
All of the above can contribute to a change in work productivity.   
 
Research has suggested that the use of daylight in buildings can increase the 
productivity of the occupants of buildings and therefore positively impact on the 
finances of an organization (Edwards & Torcellini 2002; Heschong & Mahone 
2003; Romm & Browning 1998).  Heschong & Mahone (2003), however, also 
found that daylight glare could in fact decrease productivity.  Examples of where 
businesses have moved to new office buildings with an improved daylighting 
design have permitted comparative studies on workplace productivity.  The 
Lockheed Martin “Building 157” in the US is an example. During the first year 
employees moved to the new daylit office building, and statistics showed 
reduced absenteeism and a dramatic increase in employee productivity (Thayer 
1995).  Evidence of an increase in productivity due to daylight can also be found 
in other research literature, such as the study of student performance in a daylit 
school building (Heschong 2003; Heschong et al. 2002).  
 
 
2.1.3. Daylight and energy-saving potential 
 
Daylight as a source of illumination for a building is relatively more cost effective 
than artificial lighting.  With the same amount of illumination, daylight produces 
less heat than artificial lighting, thus reduces the cooling load for buildings.  
However, in some circumstances daylighting can also increase thermal loads.  
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According to the Australian government, commercial buildings consume around 
11 million kWh of energy each year, contributing 8.5 million tonnes annually of 
greenhouse gas (GHG) (Australian Greenhouse Office 1999).  Figure 2.1 
illustrates the breakdown of energy share in a commercial building. As 
illustrated, lighting is responsible for 15% of the energy share, while two thirds 
of total energy was consumed by heating cooling and ventilation inside 
commercial buildings. 
 
 
Figure 2.1: Commercial building energy share by end-use in 
Australia (AGO 1999) 
 
Despite the awareness of energy saving and reduction in greenhouse gas 
emissions, the Australian government predicts that there will still be a 2.5% per 
annual rise in total greenhouse gas emission in Australia for the next 30 years.   
Therefore, promoting daylight instead of artificial lighting, and reducing heating 
6% 
9% 
15% 
16% 
21% 
33% COOKING & HOT WATER 
OFFICE EQUIPMENT & OTHER 
LIGHTING 
VENTILATION 
COOLING 
HEATING 
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and cooling loads on HVAC system are important strategies to reduce energy 
consumption in commercial buildings.   
 
In general, since the peak consumption of electricity in commercial buildings is 
in the middle of the day when there is also the greatest abundance of natural 
light, the possibilities for energy savings via the use of daylighting are 
considerable (Muhs 2001).  Kristensen (1994) and Ruck (2006) stated up to 75-
80% of electric lighting consumption could be saved through the use of 
advanced daylighting technologies when compared to conventional buildings.  
This percentage is only valid when it includes improvements in the integration of 
daylighting systems with efficient artificial lighting and lighting controls.  
However, Coyne and Cowling (1994) is sceptical of such a high percentage of 
claimed energy savings in Australia.  He expects a conservative and more 
realistic energy-saving potential to be around 30% to 40%. 
 
 
2.2. Design strategies for daylit office building 
 
Prior to the introduction of electric light over 100 years ago, all the built 
environment was reliant on daylight.  The invention of the fluorescent lamp in 
the mid-20 century brought better efficacy in comparison to the light bulb, and 
hence improved economic efficiency.  This led to a change in lighting concepts, 
and particularly during the 1980s many virtually daylight-free open plan offices 
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were relying solely on artificial lighting and mechanical ventilation systems.  The 
building envelope was virtually only an element of protection from the outside 
environment, filled with excessive artificial lighting and air conditioning.  At 
present, the concern about climate change has increased with the promotion of 
energy saving around the world.   With evidence of the benefits in a daylit 
workplace now substantiated the trend to utilise daylight in the built environment 
has returned again. 
 
Introduction of natural light into buildings is normally done by window apertures 
in the building envelope such as a side window or skylight.  The oldest and 
most common form of daylighting, the untreated window or opening, is still a 
popular and relatively inexpensive method for introducing natural light into the 
interior space.  However, direct window lighting has limited benefit and potential 
negative effects.  Lighting level from an untreated side window decreases 
asymptotically with distance from the window.  In general, spaces at distances 
further than the passive lighting zone (4 m to 6 m) require artificial lighting for 
illumination.  A rule of thumb for daylight penetration with typical depth and 
ceiling height is 1.5 times head height for standard windows (O'Connor et al. 
1997). 
 
The contradictory objectives of side windows can also be achieved by division 
of a window.  A clerestory window is a common design solution to tackle the 
issue.  It is not often used as a visual aperture because it is above eye-level for 
most people.  However, a clerestory window is an excellent daylighting concept 
for providing task illumination on either horizontal or vertical surfaces.  For 
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buildings located at high latitudes, such as Melbourne, where winter daylight 
levels are low, daylight strategies usually aim to maximize daylight penetration 
in a building; redirecting available daylight into the building from a north-facing 
window and maximum daylight penetration is a major objective. A clerestory 
window allows deeper daylight penetration into a building than a typical window 
opening at eye-level.  Figure 2.2 illustrates the comparison between the two 
window openings.  A clerestory portion and light shelf installation (upper 
diagram) allows deeper daylight penetration into the building. The normal side 
window (lower diagram) only has a limited daylighted zone. A clerestory window 
also exhibits less illuminance variation than a traditional window design.   
 
 
Figure 2.2: Daylight penetration comparison between a clerestory 
window and traditional side window (O'Connor et al. 1997) 
 
A skylight is another commonly-used daylighting technology to introduce natural 
light throughout the floor plan of a building.  However, it may allow too much 
unwanted direct sun transmission when the sun is high in the sky.  Advanced 
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skylight design may incorporate technology such as a laser cut panel to allow 
diffuse daylight into the building interior and prevent unwanted glare entering 
the building.  Skylight illumination is typically only available to the top level of a 
building.  With proper controls and enhancements, the above daylighting 
solutions can also benefit corridors and atrium spaces, and have maximum 
effectiveness on providing useable daylight.  An example of such enhancement 
can be light tubes, which can be integrated into building design and facilitates 
daylight transportation. 
 
In terms of building design, a smaller scale building can easily fulfil its 
daylighting needs through side windows and skylights, due to its high surface 
area-to-volume ratio.  However, common practices tend to achieve this by 
maximizing glazing area resulting in an increase in cooling loads, overheating 
by direct solar radiation and discomfort from glare for occupants near the 
windows.  Large scale buildings attempting to incorporate sustainable building 
technologies often make use of a more customized daylighting solution and 
often use atria and other open spaces to introduce natural light.  Common 
design principles such as narrow plan, high ceiling and light well are all aimed to 
maximize daylight penetration.   Table 2.2 lists some of the common design 
principles on commercial office buildings and related sustainable solutions to 
tackle the daylighting issues.   
 
In general, to attain a good distribution of daylight into the interior of a building, 
the building plan often must be limited to depths less than 8 to 10 m and should 
have high ceilings.  However, these kinds of design limitations have only been 
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applied in European countries (Baker & Steemers 2000); in other places like 
Australia, Asia, and United States of America, deep plan buildings are still 
common practice in modern office building design.   
 
 
Table 2.2:  Conventional commercial building design principles and 
daylighting solution (CMU 2004) 
 Conventional Building Design 
Principles 
Sustainable Daylighting Solutions 
Floor Plans Deep floor plans Shallow buildings or atriums for daylight 
penetration 
Aperture Location All orientation North & South exposures, roof monitor and 
clerestories 
Glazing Tinted glass, low shading 
coefficient, low visible 
transmittance 
Low e-glazing combining low shading 
coefficient and high visible transmittance 
(or high solar transmittance and high visible 
transmittance in heating dominant climate) 
Glare Controls Unshaded glass Exterior and interior shading devices, 
daylight redirection and diffusion 
Lighting System 
Controls 
Electric lighting continuously 
on regardless of space use  or 
daylight condition 
Integrated with occupancy and daylight-
responsive lighting controls 
Integration Daylight not integrated with 
HVAC and lighting systems 
Daylight integrated with HVAC and lighting 
systems control with demand side 
management and peak power shaving. 
 
 
 
2.3. Performance parameters for daylighting 
 
In order to understand daylighting principles and its evaluation methods, it is 
important to start by defining certain frequently used lighting terms, here 
adapted from the Australian Standards (AS), the International Energy Agency 
(IEA) and the Illuminating Engineering Society of North America (IESNA). 
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Performance parameters can be utilized to justify whether a lighting or 
daylighting solution is suitable for particular design objectives.  The parameters 
can be also used to quantify the effectiveness of an innovative daylighting 
strategy or system.  Either objective or subjective evaluation of a passive 
daylight guiding system requires performance parameters to benchmark its 
effects and performance.  Additionally, certain independent variables such as 
building geometry, site location, surrounding obstacles etc. can also affect a 
daylighting performance evaluation.  These parameters are summarised in 
Table 2.3 into seven categories.  They are: visual comfort; visual amenity; 
energy usage; climatic conditions; surrounding and context; building design and 
artificial lighting aspects.  All these parameters and variables are examined in 
the following Sections 2.3.1, 2.3.2 and 2.3.3, while the climatic variables such 
as daylight availability will be examined in Section 2.4. 
  
P a g e  | 21 
 
Tony Chun Yu Leung           Performance study of a daylight guiding system in an office building 
Table 2.3:  Performance parameters and related independent 
variables of a daylighting application evaluation 
Performance parameters Related Independent variables 
Visual comfort Climatic conditions 
Illuminance Daylight availability 
Luminance (contrast) Surrounding and context 
Light distribution Location, orientation 
Daylight factor Exterior obstruction 
Glare Ground reflectance 
Visual amenity Building design 
Outside view Geometry 
Patterns of light Surface reflectance 
Colour rendition  Windows 
  Daylighting systems 
Energy usage Artificial lighting 
Power consumption Luminaires 
User demand pattern Lightdistribution 
Thermal load Lighting control system 
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2.3.1. Visual comfort parameters 
 
Visual comfort parameters can be used to evaluate whether a given lighting 
condition permits sight or visibility and are directly related to the physiology of 
the eye (Ruck et al. 2000).  Most of the visual comfort parameters are 
quantifiable.  In general, uniform distribution of illuminance and luminance can 
produce good visibility and enhance visual experience.  As summarised in 
Table 2.3, visual comfort parameters should include illuminance, luminance, 
light distribution, daylighting factor/ ratio and glare.  These parameters will be 
briefly introduced below. 
 
Illuminance 
Illuminance is the density of luminous power, expressed in terms of lumens per 
unit area.  In SI units, illuminance is expressed in lux (lx), and commonly can be 
measured by handheld lux level meter.  Illuminance describes the amount of 
luminous flux arriving at a surface divided by the area of the illuminated surface.  
There are standards recommending design illuminance levels for different 
building types, occupant activities, lighting tasks and task background 
reflectance (Ruck et al. 2000).  Generally, workplane illuminance level for a 
typical office area should be around 320 lux (Standards Australia 2006).  For 
reading and writing tasks, the satisfactory task illuminance level can exceed 
recommended electric lighting levels by factors of two or more if there is no 
glare.  For computer-based or other self-illuminating tasks, characterized by low 
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luminance values (<85 cd/m2), exceeding guidelines can often result in reduced 
visibility (Standards Australia 2006). 
 
Luminance contrast 
Luminance contrast describes the physical quantity corresponding to the 
brightness of a surface in a specified direction.  It can also be used to 
qualitatively analyse daylighting, especially glare.  Luminance contrast depends 
not only on the illuminance on an object and its reflective properties, but also on 
its projected area on a plane perpendicular to the plane of view.  Thus, 
luminance is what we see, whereas illuminance is what we receive.  For this 
reason, the physiological sensation is generally referred to in the literature as 
the subjective or apparent brightness, whereas the measurable, reproducible 
state of object luminosity is its luminance.  Luminance is normally defined in 
terms of intensity; it is the luminous intensity per unit area of a primary (emitting) 
or secondary (reflecting) light source.  It is measured in candela per square 
metre (cd/m2).  The preferred luminance ratio would be: task – surround – 
background = 1 : 0.5 : 0.2.  Table 2.4 provides recommendations on luminance 
contrast ratios for different tasks based on the ANSI / IESNA RP-1 guideline 
(IESNA 2004). 
 
Table 2.4:   Luminance contrast ratio for comment visual tasks    
(IESNA 2004) 
 
Tasks Maximum contrast ratios 
Variation in luminance across immediate task 2.5:1 to 3:1 
Variation in luminance between task & background 3:1 
Greater variation between task & remote surfaces 10:1 
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Light distribution 
The distribution of illuminance and luminance is a measure of how lighting 
varies from point-to-point across a plane or surface.  A certain degree of 
uniformity across the task plane is desirable for good visibility (Ruck et al. 
2000).  Lighting contrast and visual discomfort may result if the eye is forced to 
adapt too quickly to a wide range of light levels.  Illuminance and luminance 
ratios such as maximum-to-average or average-to-minimum are used to 
quantify lighting uniformity and are typically measured across a horizontal 
workplane at a height of 0.8 m above the floor for paper or reading tasks.  For 
office lighting, the ANSI/IESNA RP-1 guidelines set maximum contrast ratios 
among all task, background, and remote surfaces within the occupant’s field of 
view (IESNA 2004). 
 
Daylight factor 
The daylight factor gives an indication of the amount of daylight that contributes 
to the lighting of an interior.  The daylight factor (DF) is defined as the ratio of 
indoor daylight illuminance to the simultaneous exterior illuminance on a 
horizontal plane from the whole of an unobstructed sky of assumed or known 
luminance distribution. 
 
Illuminance at a point in interior 
DF =          ---------------------------------------------- x 100% 
Illuminance outside building 
 
Since the daylight penetration is lowest during overcast weather, the daylight 
factor is calculated for this condition. This also implies that the daylight factor is 
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largely unaffected by window orientation.  It can only be measured with full lux 
simultaneous measurements with two interconnected cosine-corrected light 
meters, provided the measurements results are taken under Commission 
International de l'Eclairage (CIE) overcast sky conditions.  Daylight factor should 
not be used if the illuminance measurements are taken in a partly cloudy sky 
conditions, such as some measurement results in this thesis.   In that case, 
daylight ratios are calculated to represent daylight contribution for the interior 
space.  
 
Since the exterior illuminance varies constantly, the daylight factor is considered 
as a good measure of the available daylight in a space. Although it is not 
possible to judge the quality of a space based only on the daylight factor, some 
general guidelines can be given.  A daylight factor below 1% is considered too 
low, a minimum of 2% has sometimes been used in building codes, between 2-
5% is considered good, at 5% daylight autonomy is assumed to be reached, 
and above 10% glare problems are likely to occur (CIBSE 1999).  Under clear 
sky sunny conditions a similar approach can be used, which is then called the 
sunlight factor (Christoffersen & Johnsen 1999). 
 
Glare 
In everyday language, glare is the word used to describe an unpleasant visual 
experience.  In the more stringent scientific context, glare is the unwanted visual 
effects caused by large differences in luminance levels within the field of view, 
or by strong light sources close to the direction of view.  The effect of glare from 
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windows is a subjective phenomenon involving the quality rather than the 
quantity of light.  Glare results from interactions between the lighting, both 
electric and natural, the surroundings and the visual system of the eye.  
Although there is a general understanding of the mechanism of glare and some 
algorithms for the prediction of glare (such as the Glare Index), predictions of 
glare are often different from the perception of the occupants.  The difficulties of 
evaluating glare problem do not diminish its detrimental effect on visual comfort 
and should not be ignored in a performance study of a daylighting system.   
 
In general, glare can be categorized as disability and discomfort glare 
(Hopkinson et al. 1966).  Disability glare is caused when intraocular light scatter 
occurs within the eye, the contrast in the retinal image is reduced, and vision is 
partly or totally impeded.   It is defined as a reduction in contrast of an image 
due to light being scattered in the eye, causing impaired vision.  Windows and 
daylighting systems are often large area light sources; and disability glare can 
be significant at certain times of a day.  This apparent reduction in contrast is 
affected by the total intensity of the glare source – not just by the brightness or 
area alone (Hopkinson 1963).  However, there are no known satisfactory 
models to predict and evaluate this condition.  
 
Discomfort glare, on the other hand, is a sensation of annoyance or pain 
caused by high or non-uniform distributions of brightness in the field of view.  
Discomfort glare may be caused by looking directly at a light source (direct 
glare) or by viewing a reflection of the light source from a specular or semi-
specular surface (indirect glare). The expression ‘veiling reflections’ is used for 
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the indirect glare (IESNA 2004).  While disability glare is very obvious to the 
individual, discomfort glare often goes by unnoticed. Even when it causes 
headaches and eyestrain, the source of these symptoms such as a bad lighting 
situation may not be identified. 
 
The Daylighting Glare Index (DGI) is used to indicate the subjective response to 
a large area glare source and can be calculated for a person facing the window 
or the side wall at various distances from the window wall (Hopkinson et al. 
1966). However, the DGI can only be used for large areas with a nearly 
homogeneous luminance distribution i.e. view to a uniform sky luminance 
through a window.  When the luminance distribution from daylighting systems 
varies substantially, the DGI cannot be used.  There are at least seven 
recognized glare indexes described in the recent literature, such as Daylight 
Glare Probability (DGP) and Visual Comfort Probability (VCP) (Eble-Hankins 
and Waters 2004).  However these algorithms are complex, unintuitive and do 
not often agree with each other, and work with unequal accuracy for daylit 
sources (Kleindienst and Andersen 2009). 
 
Another type of glare that often exists in office environments is called contrast 
glare.  An example is where a monitor is in front of an interior sunlit wall, so that 
the worker’s actual visual goal (the monitor) appears darker relative to the visual 
surroundings.  The contrast glare problem for a typical office environment can 
be as high as 1:400.   It is unpleasantly high for the occupants.  A contrast of 
1:15 between monitor and monitor background is regarded as comfortable 
(Köster 2004).  The human eye has a natural tendency to wander in the 
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direction of greatest brightness, and it requires some effort to resist this instinct 
and maintain concentration on the monitor screen.  Excessive visual demands 
due to glare problems can lead to eye strain and fatigue over time. 
 
 
2.3.2. Visual amenity parameters  
 
Visual amenity affects occupants behaviour and their impressions of an 
environment.   These parameters are generally related to the psychological 
aspects of the occupants.   Poor visual amenity may not affect the visibility 
criteria, but it may reduce the productivity of the occupants. 
 
Outside view 
Windows allow occupants to be visually connected to the outdoor environment.  
Time of day, weather conditions and personal safety can be enhanced by vision 
to the outside through windows (Ruck et al. 2000).  However, large vision 
panels are often directly correlated to a high level of glare admittance.  Dividing 
a large window façade area into clerestory and visual panels can be a solution.  
Different daylighting strategies and systems can be deployed to stop glare 
problem without sacrificing the outside view. 
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Patterns of light 
Patterns of light and shadow can cause confusion and contrast in the visual 
field (Ruck et al. 2000).  Daylighting systems and electric lighting often cast 
unwanted patterns on interior wall surfaces and ceilings.  For example, mirror 
reflective blind systems for light guiding purposes may cast different shadow 
and patterns of light on the ceiling throughout a day.  Therefore, daylighting 
systems that create areas of excessively striated or noticeable patterns must be 
used judiciously. 
 
Colour rendition 
True colour rendition is important for tasks that involve colour matching, quality 
control and accurate colour perception.  Colour rendition can affect judgement 
and perception.  Some daylighting systems can be combined with tinted or 
coated window glazings that can cause shifts in both interior and exterior view 
colour perception.  Low-transmission glazing can give a muddy/translucent 
appearance to exterior views.  Some holographic diffractive glazing and prisms 
can cause chromatic dispersion, resulting in a rainbow lighting effect and, 
possibly, reduced interior colour rendition (Ruck et al. 2000).  Colour rendition 
can be evaluated by measuring the colour temperature of a selected spot.  
 
 
 
 
P a g e  | 30 
 
Tony Chun Yu Leung           Performance study of a daylight guiding system in an office building 
2.3.3. Energy consumption  
 
About one-fifth of the total energy consumption in office building is related to 
electric lighting (Australian Greenhouse Office 1999).  Therefore, increasing the 
efficiency and reducing power consumption of electric lighting can save a 
significant amount of energy for an office building.   The primary energy-related 
design objectives of a daylighting system are to provide usable daylight for a 
particular climate or building type which allows electric lighting to be offset by 
natural daylight.  As a consequence, power consumption on electric lighting, 
cooling loads due to heat from artificial light fittings and overheating from façade 
glazing areas can be reduced.    To achieve the objective of reduced power 
consumption of electric lighting, lighting control and dimming devices are often 
incorporated into the daylighting design. 
 
Daylight guiding technologies and systems can enhance indoor lighting quality 
by guiding useable daylight to the interior and excluding discomfort glare and 
heat at the same time.  Daylight is full-spectrum light that covers the 
electromagnetic spectrum from infrared through near-ultraviolet.  Some of the 
electromagnetic radiation with a wavelength longer than visible light can be 
categorized as infrared region, which may not be visible but still provide heat 
radiation.  Therefore daylight from the sky has two major energy components: 
light radiation and heat radiation.  Heat radiation is a critical factor for thermal 
comfort in summer.  It can increase the cooling load for a building and consume 
large amount of energy for air conditioning.  A good daylighting system should 
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permit light penetration and reduce heat radiation admittance to the interior 
during summer.  However, sometimes e.g. in winter it can be a good idea to 
allow solar radiation into the space to reduce the heating load.  Some passive 
light guiding louvre systems available on the market are purposely built with 
special shapes/profiles to achieve such objectives. 
 
 
2.4. Daylight availability and sky conditions 
 
The condition of daylight can be very dependent on the outdoor environment.  
The location of building, orientation, external ground reflectance, surrounding 
obstacles and sky conditions all contribute to the differences in the daylighting 
condition.  Among those mentioned above, climatic conditions and sky 
conditions are closely related to daylight availability. 
 
All daylight technologies require luminance distribution from the sun.  The sun 
and its rays which are scattered over the sky produce direct and diffuse 
daylight.  Some of the daylight goes to buildings; some is reflected off the 
ground. The daily and seasonal movements of the sun are predictable.  The 
pattern of daylight luminance through cloud modulating can also be 
recognizable.  Therefore, the availability of sunlight at any time can be 
determined by examining different daylight parameters, such as solar azimuth 
angle, latitude, orientation of the building, climate and specific weather data. 
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 Skylight is diffuse light caused by the refraction and reflection of sunlight as it 
passes through the atmosphere.  Under clear skies, the very small size of the 
atmospheric particles causes only the wavelengths of light in the blue portion of 
the spectrum to be refracted (440–490 nm), imparting a blue colour to the sky 
(around 12,000 - 20,000 K colour temperature).  Under overcast skies the 
relatively larger water particles diffusely refract/ reflect all wavelengths equally 
in all directions.  This results in a white coloured sky, about three times brighter 
at the zenith than at the horizon. 
  
Unless sunlight has been re-directed, direct sunlight itself is not a practical 
source of illumination, since it is far too intense and produces a high degree of 
glare.  As a result, only sky radiation can be considered as the light source.  A 
bright summer sky with white clouds may have an average total luminance of up 
to 20000 cd m-2, whereas a stormy overcast sky may have as little as 2000 cd 
m-2, a ratio of 10 to 1 (Robbins 1986). 
 
Clear and overcast sky conditions provide different characteristic lighting 
patterns.  Generally, overcast skies provide deeper penetration of skylight into a 
room.  However, the light from overcast skies provides a softer set of shadow 
patterns and sometimes more glare than from a clear sky.  Glare is caused by 
the extreme brightness of the overcast sky extending to the horizon.   Clear sky 
conditions, on the other hand, provide a source of light that establishes sharp 
shadow patterns.  Glare is usually caused by excessive contrast between the 
window aperture and the surrounding surfaces. 
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CIE Sky conditions 
The Commission International de l'Eclairage (CIE) models for clear and 
overcast sky conditions are theoretical representations of standard clear and 
overcast skies, and predict sky luminance rather than exterior illuminance falling 
on a horizontal or vertical surface (CIE Standard 1973, 2003).  It has been used 
worldwide as a standard for all kinds of daylighting evaluations. 
 
The CIE has defined two basic sky conditions.  The overcast sky may have a 
uniform or non-uniform luminance distribution, as defined by the (CIE Standard 
1973).  The clear sky with sun has a luminous distribution that can be divided 
into two quantities: the diffuse sky brightness, which is independent of 
orientation; and the circumsolar component, which is dependent upon solar 
location and atmospheric conditions (Kittler 1965).  The direct component (the 
sunlight) is usually considered separately and is dependent upon solar location 
and atmospheric conditions (CIE Standard 1973).  The CIE overcast sky model 
was proposed by Moon and Spencer (1942) as a basis for design in climates of 
the world where overcast conditions were sufficiently prevalent to justify using 
an overcast sky model as the critical design condition.   
 
Figure 2.3 shows an anisotropic picture describing clear sky condition.  The 
figure can be compared with Figure 2.4 which is an overcast sky condition 
scenario.   In Figure 2.3, direct radiation under clear skies is refracted and 
reflected as it passes through the atmosphere.  The coefficients range from 5 to 
1 where the greatest is at the sun and the least is ninety degrees from the sun.  
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The overcast sky condition in Figure 2.4 is different.  Large water particles 
attenuate all wavelengths of the direct beam equally in all directions, resulting in 
solar radiation between zeniths to horizon decreasing in such a way that the 
zenith is three times brighter than the horizon.  
 
 
Figure 2.3: Diffuse sky radiation distribution under clear sky conditions 
(Moore, F 1991) 
 
Figure 2.4: Diffuse sky radiation distribution under overcast sky   
conditions (Moore, F 1991) 
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2.5. Daylighting standards and building 
accreditation schemes 
 
In general, there is no specific standard to either regulate daylighting in 
buildings or specially focus on the performance of passive daylight guiding 
systems.  Many daylighting technologies and products in the market are only 
laboratory tested by manufacturers.  The results from testing are often 
inadequate to guarantee the same in-situ performance in real buildings or 
universal adaptability for different climates and locations.  Field verification 
protocols are also required to ensure proper implementation by official 
guidelines and regulations.  At present, this protocol is yet to be released for 
daylighting systems installed in Australian buildings. 
 
Conventional standards usually provide general principles and 
recommendations for the lighting of building interiors to enhance the 
performance and comfort level of performing visual tasks.  The recommended 
lighting levels takes into account both electric lighting and daylight.   In 
Australia, AS 1680.2 provides recommendations for the lighting of different 
building interiors and basic requirements for achieving comfort and safety 
regarding minimal requirements.  Some of the lighting level recommendations 
have already been examined in Section 2.3.1. 
 
Daylighting strategies for improving indoor built environment comfort have also 
been included into some of the building accreditation schemes in Australia.  
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Two of the most popular building accreditations schemes are the Greenstar and 
NABERS ratings.  These accreditation schemes are benchmarking tools for 
best practice in environmentally sustainable design and/or construction.  
Greenstar is a voluntary point awarding scheme which has more focus on 
building design.  Table 2.5 is part of a criteria table on indoor environment 
quality (IEQ).  As can be seen, daylighting strategies and glare control 
strategies on building design plays a significant role in the points awarded.    
 
Table 2.5: IEQ credit criteria for Greenstar office interior (GBC 2011) 
 
 
 
The NABERS rating is another built environment rating scheme with more focus 
on existing buildings.  While the NABERS rating has lighting levels as part of 
the indoor environment criteria, the accreditation scheme has not yet specified 
the lighting enhancement from natural lighting or energy efficient artificial 
lighting.  NABERS rating accreditation schemes is expecting to be refining in 
the coming years. 
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2.6. Conclusions 
 
Chapter 2 has affirmed the benefits of sunlight on human well-being and work 
productivity in daylit office spaces.   Statistical data and case study material 
from literature have been used to substantiate this.    However, many office 
buildings still have very serious problems in terms of natural lighting, and 
consequently, use more energy for artificial lighting which results in poor 
conditions for workplace health and productivity.  One solution to the problem of 
daylighting illumination of an office building is the introduction of passive 
daylight guiding technologies and systems.   The following chapter will focus on 
three major types of passive daylight guiding systems, and provides 
background information on passive daylighting technologies.  The literature 
findings in next chapter will provide links with the significant reasons to perform 
this research study. 
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3. Passive daylight guiding systems 
 
While Chapter 2 focused on the daylighting fundamentals and performance 
evaluation parameters, Chapter 3 will centre on daylighting technology and 
performance studies.  Advanced daylighting technologies and systems, with a 
focus on passive light guiding strategies will be explained.  Performance studies 
previously investigated around the world are discussed.  This chapter provides 
not only fundamental knowledge, but an exploration of what had been 
previously been published in the literature in order to identify the problems and 
set grounds for this research.  Conclusions are drawn to identify gaps in 
previous research which lead to the present research. 
 
In typical commercial building design, architects must deal with more stringent 
space and budgetary constraints when meeting lighting and occupant comfort 
needs.  Therefore the need for daylighting systems and strategies arise.  Most 
commercially-available daylighting systems address these requirements by 
providing one of two functions: shading or light redirection.  Common shading 
devices, while addressing the issues of excessive solar gain and occupant 
visual comfort, often result in insufficient light provided to occupants’ 
workspaces.  This shortfall is made up for with electric lighting.  In the worst 
cases, the light is blocked by internal shading devices such as an internal 
Venetian louvre system in a closed position, but the heat gain is absorbed by 
the louvres which radiates the heat inward, and results in an additional cooling 
load without providing any daylighting benefit. 
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Daylighting systems are all based on the principle “source – path – target”.  
Source is the daylight from the sky and external reflected component.   Path 
means the pathway of light into the building, and also how the building receives 
daylight.  An effective daylight guiding system should be designed following the 
“source – path – target” principle to enhance the pathway of light into the 
building.  The primary energy-related design objectives of a daylighting system 
are to provide usable daylight for a particular climate or building type which 
allows electric lighting to be offset by natural daylight.  As a consequence, 
power consumption on electric lighting, cooling and heating loads can be 
reduced by the concept of daylight dimming on artificial lighting.   
 
Daylighting guiding systems enhance indoor lighting quality by guiding useable 
daylight to the interior and excluding discomfort glare and heat from outside.  
Daylight from the sky has two major energy components: light radiation and 
heat radiation.  Heat radiation is a critical factor for thermal comfort in summer.  
It can increase the cooling load for a building and consume large amount of 
energy for conditioning.  A good daylighting system should permit light 
penetration and reduce heat radiation admittance to the interior.  The concept is 
graphically illustrated in Figure 3.1. 
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Figure 3.1: Comparison of good and poor daylighting systems 
(Köster 2004) 
 
Although daylighting technologies for an office space may result in higher initial 
cost, the long terms benefits of daylighting systems and the quality of light it can 
provide to the space may offset the disadvantages.  Appropriate passive 
daylight-guiding systems with proper lighting control can save annual energy 
consumption for a commercial building by 15-20% (DOE 2000).  To increase 
the benefit from daylighting in a building, architects and engineers have 
developed active and passive technologies to redirect light into the interior of 
the building while minimizing the negative effects of direct sunlight into the 
space.  While these technologies may effectively increase light to the interior, 
not all of them are a practical lighting solution for every building. Daylighting 
systems often require specialized design expertise, are highly customized and 
often consume valuable interior volume.  In addition, slight design modification 
during construction or a post-construction retrofit may render their performance 
ineffective.   
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When considering which passive daylight-guiding technology is suitable for a 
building, it is important to identify the major objectives of the application; which 
include: 
 
 redirecting daylight to under-lit zones 
 improving daylighting for task illumination 
 improving visual comfort, glare control 
 achieving solar shading, thermal control 
 
Many active daylighting systems are prohibitively expensive, but some passive 
daylight guiding technologies are still economically feasible, practical and 
effective.  These technologies are generally not universally suitable for all types 
of building scenario and climate location.  In general, passive daylight guiding 
systems can be divided into three different categories,: horizontal element, 
vertical element and parabolic collectors: Commonly these are described as 
light shelves, prismatic panels (laser cut panels), reflective louvres and blinds 
respectively.  This chapter will discuss all the three passive daylight-guiding 
technologies with a focus particularly on daylight guiding reflective louvre 
systems.  Explanations of the technologies are provided and performance 
studies from research literature are investigated.  Advantages and 
disadvantages of the technologies are compared and analysed. 
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3.1. Light shelves 
 
A light shelf is usually a horizontal shading device positioned above eye level, 
dividing a window to have visual panel and clerestory portions.  A light shelf is 
typically positioned to avoid glare and maintain the outside view.  The high 
reflectance upper surface is used to reflect daylight onto the ceiling and deeper 
into a space.  A light shelf will always be a compromise between effectiveness 
of light guiding and shading.  The position of a light shelf requires careful design 
related to site location, orientation and various sky conditions.  Its performance 
may also vary based on room configuration and whether it has been placed 
externally and internally.   
 
Light shelves have been proven to reduce the amount of artificial lighting in a 
building, with up to 2.5 times between the floor and the top of the window 
(O'Connor et al. 1997).  Incorporating light shelves in a building design is 
admissible for the Leadership in Energy and Environmental Design (LEED) 
point system.  Light shelves are generally used only in temperate climates but 
not in tropical or desert climate, due to the high solar position and intense solar 
heat gain.  Light shelves lack the flexibility to create acceptable interior lighting 
conditions under changing outdoor sunlight conditions.  Additionally, the area 
through which light enters the façade must be designed for a particular sky 
condition.  The window size required to allow sufficient lighting on an overcast 
winter day may create excessive solar gains on a clear sunny day.  Allowing 
more light to enter the building than is dictated by lighting requirement results in 
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an unnecessary additional cooling load.  A graphical illustration of how a light 
shelf works differently in winter and summer condition is shown in Figure 3.2.   
Typical light shelves are a fixed system and only can be considered at the 
beginning of the design phase.  While an internal light shelf redirects and 
reflects lighting to the ceiling of a building interior, it also reduces the amount of 
light received in the building interior relative to conventional window  (Aiziewood 
1993; Christoffersen 1995; Littlefair 1999; Ruck et al. 2000). 
 
 
Figure 3.2: Sun ray guided by light shelf in winter and summer time 
(Ruck et al. 2000) 
 
Performance studies of conventional light shelves application are abundant in 
the literature (Christoffersen 1995; Ruck et al. 2000).  The Danish Building 
Research Institute studied an external horizontal light shelf and concluded that 
there was a 10% to 20% illuminance reduction compared to a reference case 
under clear sky conditions in winter time, while the system blocked out most of 
the summer sun at one metre distance away from window.  The Norwegian 
University of Science and Technology (Arnesen 2003), on the other hand, 
investigated an semi-reflective internal light shelf; their results concluded a 20% 
to 35% illuminance reduction by the system under overcast sky conditions and 
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around 10% to 20% illuminance reduction under clear sky conditions, especially 
towards the zone at the end of the room. 
 
These studies concluded that a conventional light shelf has limited application in 
high-latitude countries because additional shading devices will be necessary 
during much of the year.  If the system is used in a climate dominated by 
overcast sky conditions, the light shelf should be tilted.  Application of an 
internal light shelf does not increase the uniformity of daylight distribution in the 
room and does not protect the window zone from direct sun.  An additional 
shading device is required to avoid glare problems.   The studies also 
concluded light shelves implementation often creates aesthetic problems to the 
building envelope. 
 
 
3.2. Prismatic panels (laser cut panels) 
 
The use of prismatic light deflection technology for daylight guiding purposes 
can be traced back to 1897, when Frank Lloyd Wright designed and patented a 
series of prism lights and plates for the American Luxfer Prism Company.  In 
more recent times, the technology was developed and enhanced by Christian 
Bartenbach and his laboratory (Köster 2004; Ruck et al. 2000). They used 
injection-molded acrylic glass manufactured by Siemens to create a prototype 
for daylighting performance testing.  The technology has been further improved 
in recent years resulting in hybrid type(s) prismatic panel and thin film 
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developed for light guiding purposes.  Laser-cut panels (LCP) is a type of 
prismatic panel that utilize prismatic effects and have been developed by the 
Australian physicist Ian Edmonds (Edmonds 1993).  
 
A laser cut panel is a daylight-redirecting system produced by making laser cuts 
in a thin panel made of clear acrylic plastic.  Light is deflected in each element 
of the panel by refraction, then by total internal reflection, and again by 
refraction.  The amount of light beams deflected depends on the depth of the 
cuts and on the distance between the cuts, as well as the angle of the incident 
sunlight.  Since all light deflections are in the same direction, the deflection is 
highly efficient.  Figure 3.3 illustrates the principle of light guiding by LCP.  The 
redirected light illustrated in the figure can effectively illuminate the ceiling of 
interior and provide diffuse daylight inside the room.   Laser cut panels are 
normally cut at an angle perpendicular to the surface, but it is possible to make 
the cuts at a different angle for added control over the direction of the deflected 
light (Reppel & Edmonds 1998). 
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Figure 3.3:   Laser cut panel l ight guiding principle (Köster 2004) 
 
A LCP can be used either in fixed or movable window systems.  It can also be 
used in a combination with other daylighting systems.  Although LCP is 
produced by clear acrylic plastic which is fully transparent, the thin laser cuts 
inside can create distortion of the external view, as seen in Figure 3.4.  
Generally, LCP are used for daylight apertures such as clerestory windows on 
building façades rather than installed at a vision panel.   
 
 
Figure 3.4:  Laser cut panel distorted view (SOLARTRAN 2010) 
 
P a g e  | 47 
 
Tony Chun Yu Leung           Performance study of a daylight guiding system in an office building 
A laser cut panel installed on a clerestory window has low glare production, 
because the deflected daylight is strongly directed upwards.  At the same time, 
the remaining under-deflected light is refracted in a downward direction in order 
to provide illuminance at the workplane.  However, in some cases, a glare 
problem may still persist when double reflection of the undeflected component 
of the LCP occur.  The main property of a LCP placed in the upper part of a 
window is its capacity to redirect sunlight towards the ceiling.  When used in 
skylights, it admits low elevation and rejects high elevation light rays, thus 
contributing to solar protection.  It effectively redirects off-normal light rays 
through a large angle (>120°) and has good viewing transparency in the near-
normal direction (Thanachareonkit & Scartezzini 2010).  A LCP installed 
perpendicular to horizontal surfaces can also effectively deflect light incident 
from an angle greater than an elevation of more than 30∘(Edmonds 1993; 
Hirning et al. 2010). Therefore, the use of LCP in Melbourne Australia can 
represent an effective measure to guide light upward to the ceiling.   
 
Another benefit of using laser cut panels as a daylight guiding strategy is the 
relatively low maintenance cost.  Laser cut panels are usually fixed devices; 
some of them are even installed within the second internal glazing in double 
glazed windows.  Maintenance of the panels is generally not required except 
occasional cleaning.    However, the cost of laser cut panel themselves is quite 
expensive.  A laser cut panel will cost approximately AUS$200 – 250 per m2 
(SOLARTRAN 2010). 
 
P a g e  | 48 
 
Tony Chun Yu Leung           Performance study of a daylight guiding system in an office building 
 A performance study of applying a laser cut panel on a clerestory window by 
Technical University of Berlin in Germany concluded that under overcast sky 
conditions, the laser cut panel did not change the daylighting level dramatically.  
However, under clear sky condition, daylighting performance can increase 
natural light level by up to 30% (Ruck et al. 2000).  Similar conclusion also 
drawn by another performance study using parameters defined by the daylight 
offer in Brazil (Laar 2001). 
 
Thanachareonkit & Scartezzini (2010) investigated the modelling accuracy of 
complex fenestration systems incorporating a laser cut panel.  They concluded 
the complex details and light-redirecting properties of a laser cut panel are 
difficult to reproduce and are almost impossible to scale down to a physical 
model.  Their results illustrated that under real clear sky conditions, the 
accuracy of the tested laser cut panel and prismatic film were somewhat 
disappointing: both had a tendency to raise the illuminance on the work plane, 
especially near the window.  Under overcast sky conditions, the accuracy was 
acceptable with dissimilarity between models and reality about 10% on average 
(Thanachareonkit & Scartezzini 2010).    
 
3.3. Daylight-guiding louvre systems 
 
Reflective louvres and blinds have been widely studied as a shading system 
and less frequently as a light-guiding/redirecting system.  Louvres consist of 
multiple horizontal, vertical or sloping slats, some of which make use of highly 
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sophisticated shapes and surface finishes.  Louvres for daylight guiding can be 
either located on the exterior or interior of a window or can be between two 
panes of glass.  The slats are typically made of anodised galvanised steel, 
painted aluminium or plastic (PVC) for high durability and low maintenance.  
Advanced light-guiding louvres can have slats with a specular surface (mirroring 
louvre) or a diffusing surface depending on purpose.  All louvre systems for light 
deflection are designed according to the following principles: to obstruct, 
absorb, reflect or transmit daylight. 
 
Fixed or moveable louvre systems can be both used for daylighting purposes.  
Fixed systems are usually designed for solar shading on the exterior.  However, 
the systems may produce undesirable shading under overcast sky conditions.  
Moveable systems can be optimized according to solar position and sky 
conditions.  European companies such as Warema, Hüppe and Retrosolar offer 
automated reflective louvres designed to provide adequate shading and to 
increase interior light levels.  In these systems, all louvres are controlled as a 
group or two groups, with the upper half of the blinds optimized for daylight 
redirection and the lower half angled to prevent uncomfortable lighting 
conditions such as glare onto the workplane.   
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3.3.1. Types of daylight guiding louvre systems 
 
The International Energy Agency (IEA) commissioned tests on the effect on 
indoor lighting conditions due to various types of daylight guiding louvre 
systems.  Blind types included standard, light gray coated, semi-specular, static 
vs automated, translucent, semi-silvered and the Fish system.  Test room 
experiments were conducted in various locations in the northern hemisphere, 
including UK, US, Austria and Demark (Ruck et al. 2000).  The authors 
concluded that none of the tested systems markedly increased lighting levels at 
a distance of 6-8 m from the window as compared with the uncovered base 
case window (Ruck et al. 2000).  Some of the major louvre system types are 
illustrated as below. 
 
Mirror louvre 
Mirror louvres were developed by Helmut Köster in 1979 under the name “solar 
collector blind” (Köster 2004).  Figure 3.5 shows the louvre used as a sun 
shading device, while simultaneously supplying daylight to the building interior.  
The louvres function as solar collectors due to the heating of the dark 
undersides and provide heat radiation to the interior during winter.  The upper 
side of the louvres has specular mirror surface and is able to re-direct sunlight 
to the building interior. 
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Figure 3.5: Properties of a mirror reflective louvre (Köster 2004) 
 
Reflective mirroring louvres have been further improved by Christian 
Bartenbach and he was awarded a European patent in 1997. His team has 
perforated the concave half of each slat to allow daylight penetration even when 
the blind is in its fully tilted closed position (Köster 2004).  Reflective mirror 
louvres require optimization of tilt angle so as to provide for the best light 
guiding performance under different solar positions and angles. 
 
Retro-reflection louvre 
Retro-reflection louvres are made of extrusion-moulded aluminium profiles.  
Figure 3.6 illustrates an example of the profile of retro-reflection louvre.  The 
system combines the retro-reflector component to exclude excessive sunlight, 
and a light shelf component to guide useable daylight to the inside of the 
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building.   Retro-reflection louvres can provide glare-free illumination to room 
depths when installed on a clerestory window.  Unlike the ordinary reflective 
mirror louvres, blind tilting is only necessary when sun is at very low position in 
the sky (less than 25°).  Retro-reflection louvres can provide shading, natural 
light to the interior without sacrificing visibility of the outside view and can be 
moulded to various kinds of shape to provide different functions. 
 
Figure 3.6: Light guiding effect by retro-reflection louvre (Köster 
2004) 
 
Prismatic louvre (Fish system) 
Prismatic louvre systems were first manufactured by OKALUX in 1986.  The 
technology integrated prismatic effects with light deflection properties from light 
guiding louvres.  The louvre type, sometimes called as “fish” system, consists of 
fixed horizontal louvres with a triangular section that has been precisely aligned 
by special connections to the louvre itself (Pohl & Scheiring 1998).  A graphical 
representation of the “fish” system is illustrated in Figure 3.7.  It can be installed 
 
P a g e  | 53 
 
Tony Chun Yu Leung           Performance study of a daylight guiding system in an office building 
in double glazed units to achieve both optical and thermal control.   During 
summer, the objective of the system is to provide shading from light radiation at 
high solar altitudes.  In winter, the system aims to guide natural light to the 
ceiling and provide diffuse light to the interior.  Prismatic louvres are specifically 
designed to suit the latitude where they are installed. 
 
Figure 3.7: The Fish system based on prismatic technology (Pohl & 
Scheiring 1998) 
 
 
3.3.2. Application of daylight guiding louvre systems 
 
In general, louvres and blinds can be used in all orientations and at all latitudes 
and can be added to any fenestration system whenever necessary.  External 
louvres affect the architectural and structural design of a building, while internal 
louvres have relatively less impact on the building facade.   
 
The effectiveness of daylight-guiding louvres strongly depends on the position 
of the sun and their installed location, slat angle and slat surface reflectance 
P a g e  | 54 
 
Tony Chun Yu Leung           Performance study of a daylight guiding system in an office building 
characteristics.  Thus, the optical and thermal properties of a window with a 
daylight guiding louvre system can be highly variable.   
 
Depending on slat the angle, louvres can partly or completely obstruct the view 
of the outside. Vertical blinds allow a vertical view of the sky dome, and 
horizontal blinds reduce the vertical height of the exterior view.  An occupant’s 
perception of view can sometimes be obstructed by slats, which can generate 
visual confusion and distortion as the eye separates the outside view from the 
louvre itself.  Many louvre systems are therefore designed to be fully or partially 
retractable. 
 
Under clear sky conditions, louvre systems can produce extremely bright lines 
along the slats, causing glare problems.  With blinds resting at a horizontal 
position, both direct sunlight and diffuse skylight can increase window glare due 
to increased luminance contrast between the slats and adjacent surfaces.  
Tilting the blind upward can increase glare as well as visibility of the sky; tilting 
the blinds downward provides shading and reduces glare problems.  Reflective 
mirror louvres can often create glare problems because daylight may be 
reflected off the slat surface directly into the field of view.  These problems can 
be minimized by integrating different light-guiding louvre technologies together 
or installing the louvre systems on clerestory windows. 
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3.3.3. Performance of daylight-guiding louvre systems 
 
Performance studies on various daylight guiding reflective louvres have been 
researched in various European countries.  However, the idea of a separate 
clerestory blind system was not a design consideration in European tests.   
 
The performance testing was conducted in both the United Kingdom and 
Denmark.  The Building Research Establishment (United Kingdom) tested an 
experimental 38 mm wide blind with the louvres inverted and painted silver on 
the upper (concave) side.  The louvre system was monitored in summer at 
equinox (21st June) (Ruck et al. 2000).   Three slat angle positions were tested 
in a south-facing office room: fully closed, horizontal, and 45 degree downward 
tilted.   The other testing was conducted by the Danish Building Research 
Institute (Denmark) (Ruck et al. 2000) which tested a translucent, 50 mm 
Venetian blind (made by Hüppe Form) with a solar transmission lower than 
10%.  The slats were inverted and silvered on the upper (concave) side and 
light grey on the downward side.  The blinds were monitored in summer, winter 
and at equinox for two slat positions: horizontal and 45 degree downward tilted.  
The system was positioned above eye height (1.8 m) with no supplementary 
system below this height.   
 
Under overcast sky conditions, the louvre in the Demark study reduced interior 
illuminance level on the work plane throughout all the measured scenarios.  The 
smallest light reduction occurred when the slats were in the horizontal position. 
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The inverted silver louvre provided an even distribution of interior illuminance 
level in the test room.  The louvre in the United Kingdom study provided similar 
results; but the illuminance at 45 degree and horizontal position are almost the 
same (Ruck et al. 2000). 
 
Both in summer and at equinox during clear sky condition, the inverted silver 
louvre in the Denmark study re-directed daylight to the ceiling and increased 
light levels in the intermediate and rear wall zones of the room compared to the 
effect of a standard downward-tilted blind.  However, a distorted pattern of light 
bands appeared on the adjacent walls and ceiling close to the window.  The 
United Kingdom study has recorded high illuminance level of 300-2500 lux 
across the test room while the louvre maintains a horizontal slats position (Ruck 
et al. 2000). 
 
The results from these tests suggest that compared to conventional louvres, 
inverted silvered blinds give extra daylight when the slats are horizontal, 
especially at high solar angles during summer.  Silvered blinds always cause 
glare problems and should be only used on clerestory windows or on a daylight 
window which is above eye level. 
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3.3.4. Automated daylight guiding systems 
 
Automatic systems can optimize and control daylight guiding louvres to perform 
a wide range of actions.  They can tilt or turn horizontal slats, lower or raise 
curtains and rotate sun-tracking systems.  Many of these systems are actioned 
based on direct sunlight or solar position only.  Automated daylight guiding 
systems usually come with daylight responsive controls, consisting of a sensor 
measuring incident flux and a control system acting according to the sensor’s 
signal. 
 
Lee et al. (1998) studied an automated Venetian blind system and found 
significant energy saving in both lighting and cooling load.  Also, peak demand 
reduced compared to a similar system with a static blind tilted angle.  Their 
research focused on optimizing the energy balance between electric lighting 
and thermal gain.  The daylighting system had semi-specular Venetian blind 
within a two-pane tinted glazing.  The results do show significant saving in both 
cooling load and lighting energy.  Peak cooling load reductions of 18 to 32% 
were attained by the dynamic automated system compared to a static, 
horizontal blind.  Lee et al. (1998) suggest that a finer control of blind angle 
would further increase energy saving. 
 
More recently, Breitenbach et al. (2001) developed a model to predict the 
lighting and thermal effects as a function of blind tilted angle and geometry for a 
double glazing system with integral Venetian blinds at a uniform blind angle.  
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Blind material was metallic but non-mirrored.  This model can be used to study 
effects of small changes in blind design and operation for this type of blinds.  
Among other findings, the authors found that in the case where blind angle is 
adjusted so that all light entering the test room is transmitted by multiple 
reflections, blind geometry strongly influences the spatial distribution of light.  
Combining both the thermal and optical transmission of a particular uniform 
blind configuration, this model may be useful in determining the balance point 
between energy saved from reduced lighting needs and energy consumed from 
any additional cooling load. 
 
Another study of integrated Venetian blind performance by Athientis and 
Tzempelikos (2002) focused on the maximization of daylight transmission and 
view to the outside without allowing direct sunlight penetration.  Tested blinds 
were highly reflective, even though specular/diffuse components were not 
stated.  Blinds were tested at a uniform slat angle and results show that the 
blind configuration that allows the greatest combination of daylight transmission 
and view for overcast conditions is the horizontal position.  Under sunny 
conditions, all blinds must be set to the minimum angle necessary to block 
direct transmission, facing outward toward the direction of the incident rays.  
The study investigated visible and solar transmittance through the blinds, but 
did not measure workplane illuminance and the penetration depth of transmitted 
light. 
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3.4. Daylighting performance evaluation techniques 
 
Daylighting performance can be predictable.  There are many evaluation 
techniques that allow designers to determine both qualitative feedback and 
quantitative information when designing a daylighting system.  This section will 
briefly explain some of the traditional evaluation techniques used such as scale 
modelling and test room measurement.  Up-to-date technologies such as 
computer-based lighting simulation and various types of in-situ measurement 
equipment are also discussed. 
 
3.4.1. Scale model measurement 
 
Scale models have been used for decades in daylighting performance studies.  
Using scale models as design tools is common for architects to study different 
daylighting concepts.  A properly constructed room model at 1:50 scale is 
enough to portray daylight distribution and effects for daylighting systems.  
Smaller scale model (1:10) can be used to study detailed components for a 
daylighting system such as slat shape and tilt angle for light guiding louvres. 
 
Models are usually examined using a sky simulator in a laboratory.  Luminance 
distribution for different standardized sky conditions and solar angles can be 
simulated.  Daylighting performances evaluated by scale model techniques are 
usually examined relatively instead of comparing absolute results. 
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3.4.2. Full scale test room measurement 
 
Full scale test room assessment can be either performed in a laboratory with 
1:1 models under sky simulator or in-situ measurement in an existing building.  
Both quantitative and qualitative daylighting performance parameters can be 
assessed by this method.  A reference room without a daylighting system is 
usually set up to be used as a control to compare the result from the room 
installed with the prototype daylighting strategy or system.  If the measurement 
is conducted in an existing building, subjective performance parameters and 
visual conformability of the occupants can also be evaluated by questionnaires.  
Figure 3.8 is an example of questionnaire response from an evaluated office 
space.  As seen in the figure, the occupant reports there is a luminance contrast 
problem on the ceiling and some extreme discomfort from the glare from the 
side window. 
 
Figure 3.8: Example of subjective questionnaire response on glare 
problem (MABEL 2006) 
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3.4.3. Computer-based lighting simulation  
 
Advances in technology allow architects to design and model projects by CAD 
programs instead of using physical models.  Lighting experts are also using this 
three-dimensional technology to test, simulate and predict lighting outcomes of 
different spaces.  Examples of commonly used lighting simulation programmes 
are: Integrated Environmental Solution – Virtual Environment (IES-VE), Ecotect, 
Relux and Lumen Designer. 
 
Daylighting simulation by computer-based evaluation tools allows objective 
analysis of different daylighting performance variables, pin-pointing potential 
lighting problem areas and providing viable solutions.  These evaluation tools 
often have different parameter settings to allow the analysis of different 
scenarios such as different climatic conditions, sky conditions and site 
orientation.  In general, a computer-based lighting evaluation programme is able 
to perform the following analysis for an internal built environment: 
 
 visualisation of the luminous environment of a given daylighting design; 
 prediction of daylight factors in a space lit by diffuse daylight; 
 identification of potential glare and overshadowing problems; 
 prediction of  potential energy saving achieved by daylighting; 
 visualisation of the dynamic behaviour of sunlight in different sky 
conditions. 
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Although lighting evaluation programmes may not produce entirely accurate 
results compared to traditional analysis methods, they can convey valuable 
lighting performance data for a building prior to construction, and thus help to 
avoid costly mistakes.  The various computer-based lighting evaluation tools 
can be characterized into three kinds, based on the calculation algorithm they 
use:  the radiosity method, the ray-tracing method and the split flux method. 
 
3.4.4. In-situ measurement equipments 
 
The most commonly used equipment for in-situ lighting performance 
measurement is light level (lux) meter.  Figure 3.9 is an example of a light level 
meter.  The Minolta CL-200 light level meter allows comprehensive 
measurement of Illuminance and colour temperature of light sources.  Lux level 
measurement can perform at various locations to pinpoint a specific lighting 
problem.  Measurements are commonly performed at the workplane level to find 
out the lux level differences for minimum level requirements at a workplace. 
 
Figure 3.9:  Minolta Chroma CL-200 light level (lux) meter  
 
 
P a g e  | 63 
 
Tony Chun Yu Leung           Performance study of a daylight guiding system in an office building 
Another commonly-used piece of equipment for lighting measurement is the 
luminance camera.  In general, it is a calibrated digital camera fitted with a fish 
eye lens.   The use of a fish eye lens allows the user to have access to the 
luminance distribution in the entire visual field.  A luminance camera operates 
based on the charge-coupled device (CCD) principle for digital photography.  
Several identical images are taken at different aperture and shutter speeds.  
The images have to be processed by specifically-designed software to produce 
a luminance distribution image.  Figure 3.10 are examples of the luminance 
measurement outcome. 
 
 
Figure 3.10:  Processed luminance camera picture 
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3.5. Conclusions  
 
Three major types of passive daylight guiding systems have been reviewed in 
Chapter 3.  They are: light shelves, prismatic panels and reflective louvres and 
blinds.  Laser cut panels, as a type of prismatic panel, have been chosen to 
represent the prismatic guiding technology due to being an Australian product, 
readily available on the Australian market and being used in the location 
relevant to the study.   Among the three systems, none of them are universally 
suitable for all kind of climatic and sky conditions.  Previous studies of the 
performance of passive daylight guiding systems have been reviewed.  
Advantages and disadvantages of those systems such as spatial, aesthetic and 
economical constraints are considered. 
 
From the literature review, it can be concluded that the performance results 
from laboratory testing of daylight guiding louvre systems are not always the 
same as those from systems installed in an existing built environment.  There 
are also relatively limited in-situ performance studies of daylight guiding louvre 
systems around the world, especially in the southern hemisphere.   These 
conclusions lead to the focus of this research and a methodology is developed 
in the next chapter to evaluate the performance of a passive daylight guiding 
louvre system installed in an existing Australia office building.  Various 
performance parameters for daylighting discussed in Section 2.3 will also be 
adopted for experiment design later in Chapter 5. 
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4. Methodology  
 
The conclusion of the preceding review of the literature Chapters 2 and 3 was 
that use of passive daylight guiding technology; especially a daylight guiding 
louvre system in an Australia office building, several important findings have to 
be addressed: 
 
1. Studies of reflective louvres and blinds are relatively few in the literature.  
Furthermore, the performance of the technology in the southern 
hemisphere, especially in Australia, is an unknown. 
 
2. Light guiding louvre systems are often tested in a laboratory setting and 
perform differently when installed in a real building. 
 
3. The energy saving potential for a light guiding louvre installation in an 
existing office building has yet to be optimized and investigated. 
 
The focus of this research is therefore based on the above three important 
findings and seeks to answer the following questions: 
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“how efficient is a daylight guiding louvre system in providing daylight 
distribution and what is its energy saving potential in an existing Australia office 
building?” 
 
 
4.1. Evaluation methods 
 
To address the above questions requires a comprehensive evaluation including 
both quantitative and qualitative assessments of the performance of a daylight 
guiding louvre system and its energy saving potential.  A methodology including 
in-situ measurements, mathematical analysis and energy simulation has been 
developed and adopted for this research.  The methodology comprises 
comparisons of the performance of different passive daylight guiding 
technologies and compares their effectiveness against the reflective daylighting 
guiding louvre system.  Daylight guiding performance of the louvre system can 
depend on the tilt angle, louvre profile and surface material.  However, to be 
comparable to the angle of other passive daylight guiding system, this study will 
investigate the louvre in a resting horizontal position without any automated slat 
angle control module. 
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The main steps involved in the performance assessment and comparison are 
as follows: 
 
 investigate the quantity of the daylight contribution from the light guiding 
louvre system to a work plane level with the use of lighting measurements. 
 
 use the measured data to compare daylighting performance of different 
passive daylight guiding technologies. 
 
  investigate the correlation between indoor illuminance and outdoor 
weather conditions  using statistical tools. 
 
 evaluate the energy saving potential of the light guiding louvre system 
using the Energy-10 software package. 
 
Figure 4.1 provides a summary of the key components of the overall 
methodology of this research.  Details of the actual experiments are presented 
in the next experiment design chapter.  
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Figure 4.1: Summary of research methodology 
 
Evaluation of the daylighting performance of a daylight guiding louvre system is 
based on the performance parameters stated in Chapter Two.  Evaluation of 
energy saving potential is performed by the Energy-10 simulation package.   
The implementation of the simulation package to compare a default building 
scenario with a low-energy case with multiple energy-efficient strategies has 
been discussed by Luther and Cheung (2003).  Simulation results provide 
energy consumption, peak load equipment sizing, ranking of the energy-efficient 
strategies, reporting of CO2, SO2 and NOx reduction and optimum glazing type.  
Cheung, Fuller and Luther (2005) have also investigated the effect of five low-
energy building envelope design strategies, namely, wall insulation, glazing 
type, colour of external wall, window size and external shading for high-rise 
apartments using the software ENERGY-10.   
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The performance study in this research is aimed at an existing office building in 
the southern hemisphere.  Therefore all the experiments performed in this 
research were conducted in an office building situated in Melbourne Australia.  
Mathematical model and computer simulation for this research are all based on 
Melbourne weather file and climatic condition data.  The design of these 
experiments is presented in the next chapter. 
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5. Experiment design  
 
This experiment design chapter will first provide all the details of the case study 
building including location of the test rooms; dimensions of the space; existing 
light fittings and daylighting features.  The chapter will then examine the   
availability of daylight in Melbourne, which is the crucial climatic data for all the 
performance experiments and simulation in this research.   Details of the 
prototype semi-silvered reflective daylight guiding louvre system, such as 
dimensions and setup location are also presented.  Different case study 
scenarios and experimental procedures are examined and all the information 
needed for the reader to understand the results and discussion in the late 
chapters is presented. 
 
5.1. Case study building 
 
The case study office building is a university education building located at 
Deakin University’s Burwood campus in Melbourne.  The building is designed 
as an energy-efficient building, with passive solar design principles, energy 
efficient lighting strategies and adaptive mixed mode conditioning, to 
demonstrate an integrated solution of environmental sustainability design. 
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Figure 5.1 shows an isometric view of the whole case study building.  The 
building is orientated along the north-south axis to maximize daylight 
penetration. Certain lighting strategies have already been applied to the outside 
and inside of the building.  Examples of passive daylight strategies include the 
roof top solar reflector to guide daylight into the atrium of the building and the 
external sun shading devices.  Figure 5.2 is an external shading system 
installed on the clerestory levels of each office space to prevent glare reaching 
the workplane level.  
 
 
Figure 5.1: Isometric view of the case study building in computer 
rendering 
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Figure 5.2:  External sun shade installed on a building façade 
 
Internally, each office space has a laser cut panel installed on the clerestory 
window and an internal roller blind system for occupants to control glare 
received from the visual window panel onto the workplane. Figure 5.3 shows 
the 6 mm Perspex panel with thin horizontal angled laser cut slits. This type of 
panel is installed on the clerestory windows of the building to provide daylight 
redirection towards the ceiling.  Figure 5.4 shows an example of the internal 
roller blind installed in one of the office spaces.  Although the roller blind 
protects occupants from glare, it obstructs the view to outside when the blind is 
in its lower position. 
 
P a g e  | 73 
 
Tony Chun Yu Leung           Performance study of a daylight guiding system in an office building 
  
Figure 5.3: Laser cut panel (LCP) 
installed on a 
clerestory window 
Figure 5.4: Internal roller blind 
system inside an 
office space 
 
Figure 5.5 shows a luminaire that has been used in the case study office space.  
This luminaire provides two upward illumination sources and one lamp lighting 
downward by the use of a K12 inlay panel above the lamps. There are six of 
these luminaries in each office pod, and each luminaire provides 5400 lumens 
output with a colour temperature of 4000K..  The luminaire contains two 26 mm 
T8 fluorescent tubes, 58 W each.  The luminaire provides an upward lighting 
component so that it corresponds more easily with the natural lighting in the 
space.  The downward lighting component illuminates the workspace area.  
Using the C-Bus system, these lights can be dimmed and turned on and off 
depending on the amount of natural lighting in the space using occupancy 
detectors and light level sensors (Figure 5.6). 
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Figure 5.5: Luminaries in the case study office 
space 
 
Figure 5.6: User interface and occupancy 
sensor for lighting control 
 
The office space examined in this research is located on the 2nd floor of the 
building.  Figure 5.7 illustrated the 2nd level floor plan of the building and 
identifies the office rooms in red.  Each office room has 3 m height x 5.5 m 
width x 8 m depth.  Each room is divided into four workspaces with the help of 
2.1 m partitions and standardized office furniture.   
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Figure 5.7:  Location of the test rooms on the 2nd floor plan 
 
Figure 5.8 and Figure 5.9 below are two fish eye views of the case study office 
room.  The office space ceilings are painted in a white colour to allow better 
diffuse daylight reflection back to the room.  Partition walls in the room are 
painted with different colours: red, yellow and white with surface reflectance of 
0.3, 0.7, and 0.8 respectively. 
 
  
Figure 5.8: Office room interior  
                (north facing facade) 
Figure 5.9: Office room interior  
                 (south facing atrium) 
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Figure 5.10 is a simplified CAD drawing of the case study office space.  
Dimensions of the room and size of the windows are provided.  Windows on the 
north-facing façade have the lower part as a vision panel and the upper part 
(above 2.1 m) as a clerestory window.  There is also another south-facing 
clerestory window on the atrium-facing wall to allow corridor light diffuse into the 
room. 
 
Figure 5.10:  Dimensions of the office space and size of windows  
 
 
Existing lighting strategies in the office shown in Figure 5.11 are as follows: 
 
1. Clerestory window allows diffuse light to enter from the atrium 
2. External sun shading 
3.  Internal blind 
4. Laser cut panel 
5. Energy efficient lighting  
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Figure 5.11:  Lighting strategies in existing office 
 
 
5.2. Daylight availability in Melbourne 
 
All the performance studies and experiments in this research were conducted 
and simulated for the case study building which is located in Melbourne.  
Therefore, the daylight availability for the selected site is crucial for the accuracy 
of the analysis, and will be briefly stated below. 
 
Melbourne is located at latitude 37∘47’S, longitude 144∘ 58’E, and the climate 
is classified as temperate.  The movement of the sun varies from winter to 
summer, with the sun in Melbourne being low in the sky in winter (noon altitude 
29 degrees) and higher in summer (noon altitude 75 degrees).  Sun position of 
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the location throughout the year can be found by the Hassall Sun Chart 
(Robbins 1986) shown below in Figure 5.12a and b. 
 
 
 
Figure 5.12a: Hassall sun chart for Melbourne (Jan – June)  
(Robbins 1986) 
 
The difference in sun position between solar time and standard time should be 
also considered when simulating summer sky conditions.  Eastern Standard 
Time (EST) is the time that occurs at the 150∘E line of longitude.  Melbourne’s 
longitude is about 5∘different from the Eastern Standard Time line of longitude.  
Since the earth takes about 40 minutes to travel 10∘of spin, the noon day sun 
will not arrive over Melbourne until 12:20pm EST. 
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Figure 5.12b: Hassall sun chart for Melbourne (July – Dec)    
(Robbins 1986) 
 
Figure 5.13 and Figure 5.14 illustrate the difference between direct solar 
radiation and diffuse solar radiation in Melbourne for a typical year. The data 
are based on the weather file for Ecotect software (Marsh 2011).  As seen in the 
figures, direct solar radiation in Melbourne can range from average of 400 – 
800 W/m2 when diffuse solar radiation in Melbourne is only within the range of 
120 – 400 W/m2.   
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Figure 5.13: Direct solar radiation in Melbourne for a typical year 
(Marsh 2011) 
 
Figure 5.14: Diffuse solar radiation in Melbourne for a typical year 
(Marsh 2011) 
 
 
5.3. Case study daylight guiding louvre system 
 
The daylight guiding louvre system examined in this research is manufactured 
by Hüppe (2003) in Germany.  The louvre system has a motorized control 
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system to adjust the blind tilt position according to the sun angle.  However, as 
mentioned earlier, the effect of blind tilt position on light guiding performance is 
not within the scope of the research.  The curved side of the blind slat has a 
reflective mirror surface while the opposite side is painted with a light khaki 
colour.  The surface material used is such that it redirects light on one side but 
absorbs solar radiation and radiates heat on the other side.   Each slat has 80 
mm width on cross section; the slats are 60 mm apart from each other vertically.   
Figure 5.15 is a ray-tracing simulation illustrating the effect of the light guiding 
by the slat of the blind system. 
 
 
Figure 5.15:  Effect of light guiding from the reflective louvre 
 
During experiment design stage, a theoretical study on the optimum louvre 
positions with RAYTRACE simulation programme (Moore 1998) was conducted 
to simulate the blind in two different cases: one with the curvature upward 
facing, the other with the curvature in the traditional downward position, as 
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illustrated in Figure 5.16 and 5.17.  A modelling script has been written to allow 
the Raytrace simulations at various season-responsive angles to be performed . 
Details of the modelling script are provided in Appendix F. 
 
Figure 5.16: Optimal daylight distribution with blind curvature facing 
upward 
 
Figure 5.17: Optimal daylight distribution with blind curvature facing 
downward 
 
The results of the ray-tracing simulation proved to be promising.  The results 
indicate that light guiding performance by the louvre system would be better, if 
positioned upward rather than downward.  In this position, the maximum 
amount of incident daylight would be reflected across the ceiling plane toward 
the back of the room.  Figure 5.18 is a CAD drawing of how the louvre system 
would be installed on the clerestory window and Figure 5.19 is a site photo 
during installation.  
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Figure 5.18: Computer generate model of the daylight guiding 
louvre 
 
 
Figure 5.19:  Installation of the louvre system in the test room 
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5.4. Case study scenarios 
 
There are three case study scenarios investigated for this experimental setup.   
The scenarios are based on the following assumptions: 
 
 the blind slats are resting in the horizontal position 
 the internal roller blind on the vision panel is retracted 
 there are no occupants in the room and all artificial lighting in the room 
has been switched off. 
 
Scenario One is the reference case.  The laser cut panel in existing office space 
has been removed.  Therefore, none of the passive daylighting systems is 
installed in the clerestory region.  The scenario has been used as a control case 
in order to compare the daylighting performance of the two daylight guiding 
technologies (laser cut panels and semi-silvered reflective louvre). 
 
Scenario Two is the existing room condition.  The test room has the laser cut 
panel installed in the clerestory region.  The light guiding performance of laser 
cut panel in the test room is evaluated. 
 
In Scenario Three, the laser cut panel on the clerestory region has been 
removed and replaced by a semi-silvered reflective Venetian louvre system.   
The light distribution and guiding performance by the system is evaluated.  
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5.5. Experimental procedures 
 
As mentioned in Chapter 4, there are four main steps involved in the 
performance assessment and comparison.  Each experimental design and 
procedure will be examined in detail in the following sections. 
 
 
5.5.1. Daylight contribution from the light guiding louvre 
system to workplane level 
 
This experiment comprises the direct analysis and comparison of the indoor 
illuminance level at the workplane between the reference case (with no daylight 
-guiding system) and the reflective daylight-guiding Venetian blind installed on 
the clerestory region.  The idea of this experiment is to determine the amount of 
additional daylight on the workplace deposited by the light guiding blind 
compared to reference case (no daylighting guiding system installed). 
 
The measurements have been conducted on 15th October (spring in 
Melbourne); while location of the sun is neither at the lowest nor the highest 
position of the year.   Measurements are performed on a sunny day with clear 
sky conditions at different times between 10:00 to 17:00.   Electric lighting in the 
test room are switched off and therefore only daylight illuminance is taken into 
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account.  No occupants are working in the test room while the measurements 
are performed in order make sure the sensors are not shaded by people.    
 
The hand-held illuminance level meter used in this experiment is a Minolta CL-
200 manufactured by Biolab Minolta.  The meter allows both quantitative (lux 
level) and qualitative (colour temperature) measurements to be taken 
simultaneously.  Measurements were taken at the workplane level (700 mm 
vertically from the floor) and with the blind slats maintained in a horizontal 
position.  An analysis grid of 2 m x 1 m was used; and collected illuminance 
data were used to plot a illuminance level contour map.  Measurement positions 
are shown in Figures 5.20 and 5.21. 
 
 
 
 
 
Figure 5.20: Measurement 
positions for 
workplane 
il luminance level 
Figure 5.21: Sectional view of the            
measured office space 
 
  
 
P a g e  | 87 
 
Tony Chun Yu Leung           Performance study of a daylight guiding system in an office building 
The same procedure was repeated for the reference case (Scenario One) and 
with the light guiding Venetian blind installed (Scenario Three).  Measurements 
are taken as fast as possible to prevent delay and sky condition changes.  An 
outdoor illuminance level measurement using the handheld lux meter was taken 
immediately after each indoor measurement on the roof.  Each set of 
measurement data was taken every two hours throughout the day.  
Observations such as glare problems, direct sunlight or shadow cast on the lux 
meter during measurement were noted during the measurements. 
 
 
5.5.2. Comparison daylighting performance between 
different passive daylight guiding technologies 
 
This experiment investigates the daylight guiding performances of two different 
daylighting technologies: the laser cut panel and the light guiding blind system.   
 
The systems are compared both qualitatively and quantitatively.  The qualitative 
assessment is based on the luminance pictures taken by a calibrated luminance 
camera.  The quantitative study, on the other hand, is based on the illuminance 
level measurement logged on top of partition wall over a period of time. 
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Luminance measurement by calibrated camera 
The measurements were taken on a clear sunny day without any contribution of 
the artificial lighting system.  Measurements were taken every hour during the 
day.  It was done using a calibrated Nikon Coolpix 5400 luminance camera with 
a fish eye lens.   A luminance camera with a fish eye lens works like a standard 
digital camera but is calibrated to interpret surface luminance through a 
software package called Photolux.  Three set of photos are taken for the two 
tested scenarios simultaneously.  One set of photos is taken looking at the 
north- facing window area, another set looking backward to the atrium and one 
last set looking towards the ceiling.  Principles of using the calibrated digital 
camera for luminance measurement, and its settings during this experiment is 
presented in Appendix D. 
 
All the camera photos are then analysed by the software package, Photolux 
1.3.5.   Luminance contrast in the photos was evaluated at a 1 to 5000 absolute 
scale.  Three sets of fish eye view luminance mapping were produced for each 
measured time.    The software package also allows the user to add a pointer in 
the mapping in order to identify the luminance for a particular spot.  Figures 
5.22 and 5.23 are a set of luminance pictures taken before and after the images 
were processed. 
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Figure 5.22: Fish eye view of the 
ceiling taken by the 
luminance camera 
(before processing) 
Figure 5.23: Fish eye view of the 
ceiling taken by the 
luminance camera 
(after processing) 
 
 
Illuminance measurement by Minolta sensors 
The quantitative study by illuminance level measurements is different from that 
described in Section 5.5.1 (illuminance level measured at the workplane).  
However, the same Minolta sensor was used.  In this experiment measurement 
sensors have been located on top of the 2.1 m partition walls (1.0 m below 
ceiling height).  The experiment is designed to determine the light guiding 
efficiency on the upper portion of the office space including daylight reflections 
from the ceiling. 
 
Six linked illuminance sensors were used for this measurement.  Similar to the 
luminance measurement, the measurement were taken simultaneously in the 
Scenario Two test room (with laser cut panel) and Scenario Three test room 
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(with the light guiding blind installed).  Each room has three sensors installed, 
as shown in Figures 5.24 and 5.25.  The sensors are located 2 m apart from 
each other and were located identically in the two rooms.    Figure 5.26 is a site 
photo showing the sensors installed. 
 
 
 
 
Figure 5.24:  Plan view of the 
Minolta sensors locations 
Figure 5.25: Sectional view of the 
Minolta sensors locations 
 
Figure 5.26: Lux meter sensors in horizontal position on top of 
partition wall 
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The measurements were continuously taken for five months in winter from April 
to August.  Outdoor illuminance levels during the measurement period were 
also recorded.  Measurement data have been logged and stored on site in a 
laptop computer.  At the data processing stage, the measurement data have 
been sorted and processed into two data sets:  one under clear sky conditions; 
and the other during overcast day or under partially cloudy sky conditions. 
 
 
5.5.3. Correlation between indoor illuminance and outdoor 
weather conditions 
 
As mentioned in Chapter 3, a performance study of the selected daylight 
guiding reflective blind system (in controlled laboratory environment) was 
performed in Europe.  The tested louvre system may perform differently in the 
southern hemisphere and react differently under different sky conditions.  
Therefore its in-situ performance while installed in a southern hemisphere office 
building is still unknown.    
 
A “correlation prediction” method of daylighting performance would allow 
prediction and analysis of in-situ performance of the selected louvre system 
throughout a year, using a limited amount of indoor and outdoor illuminance 
measurement data.   The statistical study was performed by using Excel 
Analysis ToolPAK plug-in (Anderson 2001; Goldwater 2007).   A summary of 
the procedures in this experiment is shown in Figure 5.27.   
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Figure 5.27:  Procedures to produce prediction formula for indoor 
il luminance 
 
The procedure to produce the illuminance prediction formula on Position B2 
(sensor located 2 m from north window in the test room with daylight guiding 
louvre) is shown below as an example.   
 
Step 1 - Organization of collected data 
All the formula predictions in this experiment are based on simultaneous indoor 
and outdoor illuminance measurement data.  Six indoor illuminance 
measurements over partition wall and simultaneous outdoor illuminance 
measurements from April to August were used for this study.   The collected 
data has been organized with the structure shown in Figure 5.28. 
 
 
Step 1 
•Organize indoor and outdoor measurement data 
Step 2 
•Perform correlation study: indoor illuminance level versus the six external 
variables 
Step 3 
•Exclude data points that contribute to error 
Step 4 
•Perform regression study:  identify key external variables relevant to the 
prediction by examining the P-values 
Step 5 
•Develop prediction formula by the relevant key variables 
Step 6 
•Substitute measurements of the relevant  key variables into the formula 
to obtain predicted indoor illuminance levels 
Step 7 
•Compare predicted indoor illuminance levels with measured values 
Step 8 
•Identify the percentage of errors from the prediction formula 
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The collected data have been grouped under the title: clear sky conditions, 
overcast sky conditions and excluded data.  Two prediction formulas have been 
created for each indoor illuminance measurement position.  There are three 
measurement data groups under each sky condition set: 
 
1.  Outdoor measurement data – including outdoor illuminance, solar 
radiation, solar azimuth, altitude and the calculated sky clearness index. 
 
2. Indoor illuminance data collected in the room with the laser cut panel 
installed in the clerestory region.  Sensors were located on top of 
partition wall 2 m, 4 m and 6 m respectively away from north-facing 
window. 
 
3. Indoor illuminance data collected in the room with controlled Venetian 
semi-silvered reflective blind installed.  Sensors were located on top of 
partition wall 2 m, 4 m and 6 m respectively away from north-facing 
window. 
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Figure 5.28:  Structure of data organization in formula prediction 
experiment 
 
 
Step 2 - Correlation study between variables 
Once the measurement data was organized as in Figure 5.28, correlation 
studies were performed between the measured variables.   A total of six outdoor 
measured variables have been plotted against indoor illuminance 
measurements during the formula production process.  Details of the variables 
are described below. 
 
 
 Collected Illuminance measurement data 
Clear sky condition
Excluded data due to
Unstable sky conditions
Results affected by occupants
Equipment errors
Overcast /Partly cloudy sky condition
Indoor Illuminance data
with LCP installed
Outdoor measurement data
Indoor Illuminance data
with light guiding blind installed
External vertical illuminance
External global illuminance
Solar Azimuth
Solar Radiation
Solar Altitude
Sky Clearness Index (Kt)
location B2
location B4
location L2
location L4
location L6
location B6
location B2
location B4
location L2
location L4
location L6
location B6
Indoor Illuminance data
with LCP installed
Outdoor measurement data
Indoor Illuminance data
with light guiding blind installed
External vertical illuminance
External global illuminance
Solar Azimuth
Solar Radiation
Solar Altitude
Sky Clearness Index (Kt)
Indoor Illuminance sensors locations
e.g. B2 = test room with light guiding blind, sensor @ 2m away from north facing window
L6 = test room with laser cut panel, sensor @ 6m away from north facing window
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(i) and (ii) External vertical illuminance and global horizontal illuminance 
The external illuminance levels (k lux) were measured by Li-Cor photometric 
sensors.  The sensors are part of a portable weather station and were used to 
measure the visible radiation as CIE standard observer curve.   The sensors 
were located on the roof of the building. 
 
(iii)  Global Solar Radiation 
Solar radiation (W/m2) is the energy emanating from the sun.   It is measured by 
the Li-Cor pyranometer sensor that was located on top of the roof of the 
building.  Solar radiation levels recorded by the sensor are strongly affected by 
sky conditions. 
 
(iv) Sky Clearness Index (Kt) 
The sky clearness index is a ratio used for the determination of the atmospheric 
clearness.  It can be calculated by using the formula below (Muneer 2004): 
 
K(t ) = (global radiation / extraterrestrial radiation) 
 
Where extraterrestrial radiation =  
(1353*(1+ (0.033* cos ((360 * JUL_DAY)/365))))* cos (SOL_ZEN *6.2832/360) 
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(v)and (vi) Solar Azimuth and Altitude 
The solar position can be described in terms of two angles: solar azimuth 
(SOLAZM) is a measure in a horizontal coordinate system for the angular 
position of the sun measured around the horizon; and solar altitude (SOLALT) is 
the sun elevation angle above the horizon.  These two variables can be 
obtained from equations (Muneer 2004): 
 
Sin SOLALT = sin LAT sin DEC – cos LAT cos DEC cod GHA 
cos SOLAZM = [cos DEC(cos LAT tan DEC + sin LAT cos GHA)]/ cos SOLALT 
Where: 
DEC = Declination 
GHA = Greenwich Hour Angle 
 
These two variables can also be easily calculated in daylighting simulation 
software packages, such as ECOTECT, by providing the location of the 
building. 
 
The outdoor measurements from the weather station and indoor illuminance 
level at different measurement positions were organised with a spreadsheet 
programme.  As illustrate in Figure 5.29, data was sorted by time in ascending 
order.  Solar azimuth data was also converted into radian scale.  Clearness 
index was calculated by the equation described in the previous section. 
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Figure 5.29:  Example of data organisation in spreadsheet programme 
 
The next step was to plot the indoor illuminance level versus other outdoor 
variables to obtain their correlation.  Different variables may have different 
regression/trend types; the accuracy of the correlation plot can be assessed by 
the coefficient of determination (R-square) value of the correlation equation.   
 
The correlation equations (shown in Figure 5.30) were then substituted with real 
measurement data.  For example, external global illuminance levels are 
required to substitute into the correlation equation formed by plotting indoor 
illuminance level against external global illuminance levels.  Interpretation and 
discussion of these plots is given in Chapter 6.  The reason for doing this step is 
due to the limitation of Excel programme.   
 
Step 3 - Exclude data points that contribute to error  
The R-square value of the correlation plots should not be lower than 0.95.  
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Certain data points may be excluded if they strongly differ from the majority of 
the data set and thus affect the accuracy of the trend line. 
 
 
 
   
Figure 5.30: Correlation plots between variables for Position B2 
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Step 4 - Regression study of variables 
Regression analysis can be used for prediction and forecasting.  It is widely 
used to understand which among the independent variables are related to the 
dependent variable, and to explore the forms of these relationships.  The Excel 
spreadsheet programme, unlike the statistical programme SPSS, can only 
provide a 1st level regression.  However the correlation study in this research 
requires a 2nd level regression.  Therefore substitution and adjustment for the 1st 
level regression (interim output) is required prior to performing the 2nd level 
regression study. 
 
The results from substituted correlation equations (interim output) in Figure 5.31 
can be used for a 2nd level regression study against the measured indoor 
illuminance level.  Figure 5.32 illustrates the regression study between the 
outdoor measurement data (X variable) plotted against the indoor illuminance 
level at Position B2 (Y variable).  The accuracy of the regression study can be 
assessed by the R-square value.  The crucial variables for the final prediction 
formula are determined by the P-value, highlighted in Figure 5.32.  Crucial 
variables in the prediction formula should not have P-value more than 0.05.  
Therefore, the external vertical illuminance, Sin (solar azimuth) in radian and 
solar altitude are the significant variables and should be included in the indoor 
illuminance prediction formula.  The X variables as mentioned above can be 
cross checked by “residue plot” to predict the indoor illuminance level (Y 
variable), as shown in Figure 5.33. 
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Figure 5.31: Substitute real measurements into correlation equation 
for regression study 
 
 
Figure 5.32:  Regression study between variables 
 
 
Figure 5.33: Residue plot for the X variables on Y variable prediction  
 
Ext Vert vs B2 (PM) Ext Glob vs B2 (PM) Rad vs B2 (PM) KT vs B2 (PM) SIN AZM_RAD vs B2 ALT vs B2
2936.4648 311.1283 2849.3309 2794548.91 1562.8603 758.20
2975.8198 320.8470 2839.2050 2859979.15 1576.4184 768.26
3007.8651 329.3388 2839.2050 2919577.80 1589.8408 778.31
3098.6410 342.0573 2869.6848 2966510.48 1603.1270 788.35
3132.6424 350.1285 2910.8032 3008644.53 1616.2762 798.39
3149.8467 361.9756 2910.8032 3063455.57 1629.2876 808.41
3274.1912 376.0282 2921.1690 3113187.92 1642.1607 818.43
3311.0151 388.4900 2900.4720 3171133.66 1654.8947 828.44
Correlation equations substituted for regression study
y = 0.0032x3 - 
0.2019x2 + 31.193x - 
4.5927
y = 2E-05x5 - 0.003x4 + 
0.1534x3 - 3.5408x2 + 
74.621x - 119.13
y = 8E-42x16.681
y = 1E+08x6 - 4E+08x5 + 
5E+08x4 - 4E+08x3 + 
2E+08x2 - 4E+07x + 
4E+06
y = -4314.2x6 - 2956x5 + 
1431.5x4 + 2008.7x3 - 
1640.9x2 + 312.6x + 
2294.5
y = 3E-05x6 - 0.0024x5 + 
0.0728x4 - 1.04x3 + 
7.1993x2 + 47.368x - 
48.441
SUMMARY OUTPUT Correlation Study of Position B2 - Clear Sky Condition
Regression Statistics 1 Ext Vert vs B2 (PM)
Multiple R 0.999817 2 Ext Glob vs B2 (PM)
R Square 0.999634 3 Rad vs B2 (PM)
Adjusted R Square0.999629 4 KT vs B2 (PM)
Standard Error 13.08969 5 SIN AZM_RAD vs B2
Observations 481 6 ALT vs B2
ANOVA
df SS MS F Significance F
Regression 6 2.22E+08 36943188 215613.4 0
Residual 474 81215.12 171.3399
Total 480 2.22E+08
CoefficientsStandard Error t Stat P-value Lower 95% Upper 95%Lower 95.0%Upper 95.0%
Intercept 5.569124 7.589448 0.733798 0.463434 -9.343998914 20.48225 -9.344 20.48225
X Variable 1 0.017944 0.00619 2.898928 0.003918 0.005781101 0.030107 0.005781 0.030107
X Variable 2 -0.00762 0.012098 -0.63004 0.528974 -0.031394616 0.01615 -0.03139 0.01615
X Variable 3 -0.01478 0.008253 -1.79038 0.07403 -0.030994865 0.001441 -0.03099 0.001441
X Variable 4 -1.6E-06 3.22E-06 -0.49966 0.61755 -7.94689E-06 4.72E-06 -7.9E-06 4.72E-06
X Variable 5 0.970392 0.014935 64.97248 3.6E-238 0.941043715 0.999739 0.941044 0.999739
X Variable 6 0.035533 0.017542 2.025631 0.043362 0.001063907 0.070002 0.001064 0.070002
Significant  
Variables 
P a g e  | 101 
 
Tony Chun Yu Leung           Performance study of a daylight guiding system in an office building 
Step 5 - Produce prediction formula by dummy variables 
In a regression analysis, a dummy variable (also known as indicator variable or 
just dummy) is one that takes the values 0 or 1 to indicate the absence or 
presence of some categorical effect that may be expected to shift the outcome 
(Suits 1957).   
 
As mentioned earlier, the X variables 1, 5 and 6 in Figure 5.32 should be 
included in the final formula. A prediction formula for indoor measurement 
Position B2 should include three elements, which are the three dummy 
variables (Figure 5.34).  The coefficient for the dummy variable as in Figure 
5.32 should be included.  An example of the calculations for the prediction 
formula is illustrated in Figure 5.34.  A full calculation of the formulas are 
provided in the Appendix A to C for the three different measurement positions 
B2, B4 and B6. 
 
 
Figure 5.34:  Calculations for the prediction formula 
 
 
 
Predicted Indoor Illuminance @B2 = Element (X1) + Element (X2) + Element (X3)
Element 1: X1 = Ext Vertical Illuminance
= 0.0179442693803292(0.0032x3 - 0.2019x2 + 31.193x - 4.5927)    
= 0.00005742166201705344x3-0.00362294798788846548x2+0.5597355947806087356x -0.08241264598303791684
Element 2: X2 = Sin AZM_RAD
= 0.970391545324543(-4314.2x6 - 2956x5 + 1431.5x4 + 2008.7x3 - 1640.9x2 + 312.6x + 2294.5)
= -4186.4632048391434106x6-2868.477407979349108x5+1389.1154971320833045x4+ 1949.2254970934095241x3 -1592.3154867230426087x2+ 303.3443970684521418x+2226.5634007471639135
Element 3: X3 = ALT
= 0.035533120703836(3E-05x6 - 0.0024x5 + 0.0728x4 - 1.04x3 + 7.1993x2 + 47.368x - 48.441)
= 0.00000106599362111508x6-0.0000852794896892064x5+ 0.0025868111872392608x4 -0.03695444553198944x3+ 0.2558135958831265148x2+1.683132861499303648x -1.721259900014519676
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Step 6 - Accuracy check for the prediction formula 
The prediction formula for Position B2 is based on the three elements (three 
dummy variables) as illustrated above.  In Figure 5.35, the three elements of the 
formula are substituted with measurement data and added together to produce 
“formula output” values, which are the predicted indoor illuminance levels.   
 
 
Figure 5.35: Accuracy check for the prediction formula  
 
Step 7 and 8 - Accuracy check for the prediction formula 
The predicted values are compared to the indoor illuminance measurements for 
accuracy.  Percentage of error between predicted value and real measurements 
are calculated.  A good predicted value is expected not to have error bigger 
than 10%.  Again, the fully organized spreadsheet data and calculations are 
provided in the Appendix A to C for measurement positions B2, B4 and B6. 
 
Differences
Ext Vert vs B2 SIN AZM_RAD vs B2 ALT vs B2
52.6927 1516.5864 26.9412 1596.2 1552.0 44.2 2.8% Good
53.3989 1529.7430 27.2986 1610.4 1566.0 44.4 2.8% Good
53.9739 1542.7681 27.6558 1624.4 1579.0 45.4 2.9% Good
55.6028 1555.6609 28.0126 1639.3 1596.0 43.3 2.7% Good
56.2130 1568.4207 28.3691 1653.0 1680.0 -27.0 1.6% Good
56.5217 1581.0469 28.7254 1666.3 1624.0 42.3 2.6% Good
58.7530 1593.5388 29.0813 1681.4 1654.0 27.4 1.7% Good
59.4137 1605.8959 29.4370 1694.7 1667.0 27.7 1.7% Good
Measured 
Illuminance @ 
Position B2
Predicted 
Error <10% = 
Good
% of 
error
Formula 
Predicted 
Illuminance
Formula 
Component X1
Formula Component 
X2
Formula 
Component X3 Predicted vs 
Measurement
Prediction formula output and comparison
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5.5.4. The energy saving potential of the light guiding 
louvre system 
 
Most people will ask three questions before installing a daylighting technology in 
an existing building:  Firstly, how can the technology enhance the built 
environment?  This is a major objective of this research.  The other two 
questions relate to the cost and benefit from the system, namely:  how much 
does the innovative blind system cost?  And consequently, how much energy 
and therefore money can be saved by applying the technology? 
 
These are the areas that the experiment described in this section has 
addressed.   
 
The study assesses the additional energy saving potential provided by the light 
guiding blind system based on its daylight contribution to the existing office 
space.   A simulation package (Energy-10) has been used for the analysis in 
this study.  A summary of procedures in this experiment are illustrated in Figure 
5.36. 
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Figure 5.36: Procedures to evaluate energy saving potential from the 
louvre system using an ENERGY-10 simulation 
 
 
Simulation package for low-energy building design 
Energy-10 is a conceptual design tool for low-energy buildings. It is the software 
component of a project called “Designing Low-Energy Buildings with ENERGY-
10”, conducted by the U.S. Department of Energy (Balcomb & Beeler 1998).  
 
ENERGY-10 allows the user to customize almost every data (weather, climate, 
building, characteristics, etc.) in their simulation model. The user can edit the 
libraries (material properties, glazing properties, wall constructions, etc.) and 
save these modified libraries for later use.   Daylighting, passive solar heating, 
and low-energy cooling strategies are integrated with energy-efficient shell 
Step 1 
• Create reference case model with generic setting 
Step 2 
• Apply energy efficient strategies to model to simulate 
existing test room condition 
Step 3 
• Create lighting zone for the model 
Step 4 
• Identify coefficient between simulation results and in-
situ illuminance measurements 
Step 5 
• Edit foot-candle file with tuned illuminance data to 
create two case study scenarios 
Step 6 
• Modify foot-candle file and weather file to allow annual 
energy consumption for both cases 
Step 7 
• Compare and study the cost, energy saving potential 
with the light guiding louvre system installed 
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design and mechanical equipment.  All the predefined strategies can be 
changed and applied to the simulation model.   The program does hour-by-hour 
simulations for a typical year.  
 
A weather maker program is provided as an additional tool to permit ENERGY-
10 to simulate buildings for almost every location in the world.  Since the 
program was originally designed for northern hemisphere, caution is required 
when modelling buildings in the southern hemisphere.   Orientation of the 
simulation model should be tilted 180 degree north- to-south (solar-facing). 
 
Case studies 
The analysis has considered two different scenarios: a reference case or base 
case and an improved case with the light guiding blind system installed.   
 
The base case model is the existing office space without a light guiding blind 
installed in the clerestory region.  The model was adjusted to simulate energy 
efficient lighting installed in the space with a continuous dimming control 
strategy.  Energy simulation of the reference case is based on allowing daylight 
into the space and to offset energy consumption by electric lighting.   The set 
point for workplane illuminance levels in the model was adjusted to 320 lux.  
This is the minimum required for workplane illuminance level based on 
Australian Standards AS1680. 
 
The improved case model is exactly the same as the reference case except the 
daylight guiding blind has been installed in the clerestory region.  Blind slats are 
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assumed to be maintained at a horizontal position without being tilted.  Electric 
lighting in the room is also connected with continuous dimming controls, which 
allows daylight distribution to compensate for the luminance output from electric 
lighting.  Set point for workplane illuminance levels in the model was adjusted to 
320 lux. 
 
Creation of the reference case model 
Before the construction of the case study models, Melbourne weather data was 
applied to the programme to simulate temperature and solar radiation patterns 
throughout a year.  The test rooms were modelled with dimensions measured 
on site.  Geometric data for walls, roof, floors and window openings were 
entered into the programme accordingly.   As the programme, by default, is 
used to simulate a whole building, the composition of the roof, external walls 
and floor in the test room model needed to be adjusted accordingly. 
 
There is a limitation to the program.  Since the Energy-10 program is designed 
for use in northern hemisphere, the weather file cannot be directly used for 
southern hemisphere.  For this study, the Melbourne weather data was created 
by simulating the location and weather of similar location in northern 
hemisphere.  Therefore July in the weather data is actually simulating January 
in Melbourne and the weather file has been described as Melb_USA.VIC.  A 
weather profile as described above is illustrated in Figure 5.37. 
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Figure 5.37: Melbourne weather data used for ENERGY-10 simulation 
 
 
Generic settings for input parameters 
Although the analysis only concerns the lighting aspect of the studied space, 
the Energy-10 programme by default is designed to evaluate annual energy 
consumption and saving with heating, cooling and lighting considerations.  
Hence, the input of various parameters is required into the models.  These 
parameters include: material composition of building envelope, HVAC system 
type for the building, control sequence and working schedule of the occupants.  
External sun shading for the test room should also be located into model.  
Generic settings for the simulation room model are listed in Appendix E. 
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Creation of the lighting zones for daylighting analysis 
The daylighting evaluation by the ENERGY-10 program is based on the split 
flux method.  There is a limitation of the program when allocating the lighting 
zone in the model.  The programme only allows a maximum of five lighting 
zones, as illustrated in Figure 5.38 (Balcomb 2002).  Therefore only five set 
point illuminance levels can be set in the model.  The author has tested different 
lighting zone modelling concepts with the programme and found that the 
method illustrated in Figure 5.39 achieved the closest simulation results 
compared with the real in-situ scenario and measurements.   
 
 
 
 
 
Figure 5.38: Lighting zone 
concept in 
ENERGY-10 
(Balcomb 2002) 
Figure 5.39: Lighting zone 
modelling concept 
for the simulation 
 
 
Applying energy efficient strategies 
Once the base case model had been completed with proper lighting zone 
settings, the energy efficient strategies were applied to the base case model to 
simulate existing test room condition.  Default energy efficient strategies were 
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applied to the base case model.  Particular attention was paid when setting 
daylighting, shading and energy efficient lights parameters as these factors 
have significant effect on the accuracy of the simulation.  Once all the settings 
had been refined, an annual energy simulation can be performed for the base 
case model. 
 
Tuning the base case model with FC file 
The simulation model as described above should reflect existing test room 
conditions. However, the simulation result may still vary from in-situ 
measurements due to sky conditions and modelling limitations.  Therefore 
tuning of the reference case model to reflect real measurement results was 
required. 
 
As mentioned earlier, ENERGY-10 has a limitation when creating lighting zones 
in the simulation model and this could contribute to errors in the assessment.  
The software package allows manual editing of the lighting simulation results.   
Each time ENERGY-10 performs a daylight calculation, it will simulate the 
results for 20 sun angles at each control sensor location in the model.  A foot-
candle level (FC) file in ASCII format is also provided and updated after each 
simulation.  The foot-candle file contains hourly lighting level simulations for the 
sensor locations throughout a year.  Energy consumption/savings are estimated 
from consideration of the FC file.    
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Adding tuning coefficient  
Illuminance levels for the set points in the reference case model are contained 
in the FC file from the last simulation.  In Figure 5.40, the ENERGY-10 
simulation results are different from the in-situ measurement data.  The 
relationship between simulation results and real measurement data was studied.   
A coefficient has been added to the simulation result to increase the accuracy of 
simulation.  The coefficients are fixed for the whole simulation and calculated 
basing on the illuminance level differences between simulations and in-situ 
measurements. 
 
 
Figure 5.40: Adding coefficient to ENERGY-10 simulation results 
 
Creation of the improved case model 
The only difference between the reference case and improved case is the light 
guiding blind system.  Therefore, the improved case model should be same as 
the reference case model except having a different FC file due to daylighting 
contribution from the light guiding blind system.   Since the reference case 
simulation is already multiplied with tuned coefficient as in Figure 5.40 (Tuned 
E-10 results), to allow consistency when perform both simulations, FC file for 
the improved case model is “reversely adjusted” with the tuning coefficient prior 
to performing the annual energy simulation. 
 NE lighting Zone
Time of the day E-10 Simulation Tuned Cofficient Tuned E-10 results Measurement Data
10 688.64 1.22 839.28 839
11 774.72 1.14 882.32 882
12 1850.72 0.50 925.36 925
13 1592.48 0.53 839.28 839
14 1635.52 0.46 753.2 753
15 1646.28 0.37 602.56 603
16 1646.28 0.27 451.92 452
17 1355.76 0.17 225.96 226
Illumiance measurements
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Editing prior perform annual energy simulation  
An annual energy simulation requires FC files having illuminance data for a 
whole year.  This was achieved by copying the tuned daily measurement data 
365 times to simulate the illuminance performance.  The weather file in TMY2 
format was copied and repeated similar to the FC file.  Once the previous steps 
had been done, annual energy simulation for both reference case and improved 
case could be performed. 
 
Energy use simulation and analysis 
Finally, annual energy consumption for both case scenarios could be evaluated 
by comparative bar graphs.   Energy consumptions were compared in kWh/m2.   
Specific analysis of lighting performance could be examined by evaluating the 
average hourly profile of electric lighting.   Cost and energy saving by the light 
guiding blind could be manually calculated after knowing the energy 
consumption in both cases.   Details on the evaluation will be examined in the 
Results and Discussion chapter. 
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5.5.5. Conclusions 
 
Details of the case study office building, daylight availability at the location, and 
existing condition in the test rooms are presented.  The case study daylight 
guiding louvre system has been described with both simulation modelling and 
photos taken in the test room.  Three case study scenarios are explained with 
assumptions provided. 
 
The four experiments discussed in Chapter 5 addressed the three important 
findings from the preceding literature review chapters.  Daylighting performance 
parameters as discussed in Chapter 2 were considered where designing the 
experiments.  Design of experiments follows the key components summarized 
in the research methodology.  These experiments focus on four key tasks:  to 
investigate daylight contribution from the case study louvre system; analyse 
daylighting performance between different passive daylight guiding 
technologies; correlation and prediction between indoor and outdoor weather 
conditions and investigate energy saving potential of the daylight guiding louvre 
system. 
 
Experiment results are reported and discussed in the next chapter.  Results 
from in-situ measurements, simulation and regression study formulas are 
documented, compared and analysed.  In-situ lighting conditions in processed 
luminance images are discussed in terms of visual comfort.  Findings from 
experiments, limitations and deficiencies are examined. 
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6. Results and discussion  
 
The results are structured into four sections; these are: daylight contribution 
from the daylight guiding louvres; comparison of daylight performance for 
different systems; correlation between indoor illuminance and outdoor weather 
conditions by using statistical tools; and energy simulation results.  Discussion 
of each is also included after presenting the respective results.  The limitations 
of the research will also be examined. 
 
 
6.1. Daylight contribution from the light guiding 
louvre system 
 
As mentioned in Chapter 5, the hand-held lux level measurements were 
performed under clear sky conditions during the daytime at different times 
between 10:00 to 17:00.  Illuminance measurements at the workplane level 
between the base case (Scenario One) and the scenario with the light guiding 
louvre system installed on clerestory windows (Scenario Three) were 
compared.  This allows assessment on the daylighting contribution provided by 
the louvre system.   
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Measurement at 10:00 
Results of illuminance measurements at all 19 locations are shown in Figure 6.1  
     
 
Figure 6.1: Illuminance measurement and mapping on workplane at 
10:00 
 
  
TIME 10:00:00
EXTERNAL LUX (before measurement) 103400
EXTERNAL LUX (after measurement) 105000
Base Case (without the blind)
Light guiding blind on clerestory window
Precentage of difference
L1 3000.0 1560.0 L7 1579.0 1019.0 L14 2350.0 1410.0 -48.0% -35.5% -40.0%
L2 844.0 1052.0 L8 766.0 881.0 L15 756.0 899.0 24.6% 15.0% 18.9%
L3 612.0 738.0 L9 479.0 594.0 L16 543.0 632.0 20.6% 24.0% 16.4%
L10 672.0 453.0 -32.6%
L4 77.6 114.0 L11 400.0 316.0 L17 77.0 88.4 46.9% -21.0% 14.8%
L5 75.4 108.1 L12 151.7 191.5 L18 72.3 78.1 43.4% 26.2% 8.0%
L6 51.5 100.2 L13 121.1 127.0 L19 64.2 75.5 94.6% 4.9% 17.6%
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The 10:00 am measurements were taken under clear sky conditions with an 
average external illuminance of 104,200 lux.  As illustrated in Figure 6.1 for the 
base case, sunlight contributes excessive brightness near the north-facing 
window area.  The indoor illuminance level was between 1579-3000 lux 
(Position L1, L7 and L14).    Observation during the measurement showed that 
a glare problem existed for the occupant working at measurement position L1 
and L14.   With the light guiding louvre installed in the test room, illuminance 
level at the north-facing façade area was reduced between 35.5% and 48%, as 
shown in Figure 6.1.   
 
The light guiding louvre system eliminated the glare problem present in the 
base case scenario.  It also provided a more even light distribution in the office 
space.  For the office area in south-west (Position L4-L6) and south-east 
(Position L17-19) direction, the louvre system effectively increased the 
illuminance level of the office space from 51.5 lux to 100.2 lux at Position L6 
and 64.2 to 75.7 lux at Position 19, with 17.6% - 94.6% increase, compared with 
the base case scenario.  The increase in illuminance level in Scenario Three 
proves that the daylight contribution is increased by the louvre system towards 
the rear of the room away from north-facing windows. 
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Measurement at 12:00 
Results of illuminance measurements at all 19 locations are shown in Figure 6.2  
 
 
Figure 6.2: Illuminance mapping for measurement on workplane at  
12:00 
 
  
TIME 12:00:00
EXTERNAL LUX (before measurement) 103300
EXTERNAL LUX (after measurement) 108200
Base Case (without the blind)
Light guiding blind on clerestory window
Precentage of difference
L1 1542.0 1547.0 L7 1065.0 1063.0 L14 1710.0 1431.0 0.3% -0.2% -16.3%
L2 927.0 1024.0 L8 736.0 901.0 L15 923.0 1032.0 10.5% 22.4% 11.8%
L3 636.0 742.0 L9 468.0 643.0 L16 605.0 786.0 16.7% 37.4% 29.9%
L10 324.0 495.0 52.8%
L4 93.7 121.0 L11 246.0 333.0 L17 95.7 161.4 29.1% 35.4% 68.7%
L5 88.9 112.0 L12 168.5 237.0 L18 88.0 158.5 26.0% 40.7% 80.1%
L6 63.7 82.8 L13 130.4 183.0 L19 72.3 131.6 30.0% 40.3% 82.0%
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The 12:00 measurement was taken under clear sky condition similar to the 
10:00 measurement, with average external illuminance of 105,750 lux.  As 
illustrated in Figure 6.2, Positions L1, L7 and L14 which are located near the 
north-facing window do not experience a significant change in illuminance level. 
However, the average illuminance level in the test room has been increased 
with the light guiding blind installed.  The increase in illuminance level varies 
from barely 5 lux (0.3%) at Position L1 to 59.3 lux (82%) at Position L19, with 
the south-west (Position L6) and south-east (Position L19) corner in the office 
area having the most significant improvements.  Once again, the improvements 
of illuminance level at the workplane are provided by the effect of the light 
guiding louvre and its indirect diffuse daylight reflection from the ceiling. 
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Measurement at 14:00  
Results of illuminance measurements at all 19 locations are shown in Figure 6.3  
 
 
Figure 6.3:  Illuminance mapping for measurement on workplane at 
14:00 
 
  
TIME 14:00:00
EXTERNAL LUX (before measurement) 95500
EXTERNAL LUX (after measurement) 95300
Base Case (without the blind)
Light guiding blind on clerestory window
Precentage of difference
L1 1220.0 1020.0 L7 777.0 661.0 L14 1137.0 1128.0 -16.4% -14.9% -0.8%
L2 758.0 673.0 L8 556.0 574.0 L15 717.0 741.0 -11.2% 3.2% 3.3%
L3 573.0 533.0 L9 422.0 440.0 L16 517.0 540.0 -7.0% 4.3% 4.4%
L10 233.0 322.0 38.2%
L4 81.0 87.6 L11 231.0 236.0 L17 85.1 102.3 8.1% 2.2% 20.2%
L5 78.5 84.6 L12 155.5 162.0 L18 79.4 100.5 7.8% 4.2% 26.6%
L6 56.1 63.0 L13 113.8 121.1 L19 69.0 84.2 12.3% 6.4% 22.0%
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The afternoon measurement at 14:00 was taken under clear sky conditions with 
average external illuminance of 95400 lux.  As the sun moved towards north-
west side of the test room, the illuminance level in the north-west office space is 
slightly higher than in the north-east office space.  The light guiding louvre 
system provided 40 lux (-7%) to 200 lux (-16.4%) illuminance reduction in the 
north-west office room (Position L1-L3).  For measurements taken close to the 
north-facing window (Position L1, L7 and L14) the illuminance level has been 
reduced.  Average illuminance level in the test room has been increased with 
the light guiding louvre.  The increases in illuminance level are mainly at the 
office space facing the atrium, with an increase of up to 26.6% at Position L18.  
Although the light guiding blind still can provide addition daylighting to the work 
position located deeper in the rooms, a measurement taken at Position L6 only 
reads 63 lux, which is insufficient for visual tasks in office space.  Electric 
lighting should be switched on for the occupant sitting in Position L6. 
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Measurement at 16:00 
Results of illuminance measurements at all 18 locations are shown in Figure 6.4  
 
 
Figure 6.4: Illuminance mapping for measurement on workplane at 
16:00  
 
  
TIME 16:00:00
EXTERNAL LUX (before measurement) 70000
EXTERNAL LUX (after measurement) 59700
Base Case (without the blind)
Light guiding blind on clerestory window
Precentage of difference
L1 699.0 677.0 L7 408.0 419.0 L14 631.0 648.0 -3.1% 2.7% 2.7%
L2 457.0 417.0 L8 325.0 322.0 L15 476.0 406.0 -8.8% -0.9% -14.7%
L3 366.0 326.0 L9 247.0 243.0 L16 327.0 305.0 -10.9% -1.6% -6.7%
L10 175.5 181.9 3.6%
L4 56.3 56.4 L11 146.8 122.2 L17 55.0 56.8 0.2% -16.8% 3.3%
L5 54.1 54.2 L12 103.1 96.4 L18 51.8 54.4 0.2% -6.5% 5.0%
L6 33.7 38.5 L13 73.8 83.8 L19 45.5 46.0 14.2% 13.6% 1.1%
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The measurement at 16:00 was taken under clear sky conditions with average 
external illuminance of 64850 lux.  Comparison of the results between the two 
scenarios indicated that, the light guiding effect of the blind system is not 
significant.  In the base case scenario, the illuminance levels in the north-west 
(Position L1-L3) and north-east (Position L14-L16) office area are still enough to 
perform visual tasks, based on the minimum requirement for visual tasks stated 
in AS1680.  However, the south-west (Position L4-L6) and south-east office 
area (Position L17-L19) only have workplane illuminance levels between 38.5 
lux (Position L6) and 56.8 lux (Position L17).  Occupants working in these two 
office spaces are in darkness without artificial lighting switched on.   With the 
light guiding blind system installed in the test room, illuminance level in the 
north-west (Position L1-L3) and north-east office pods (Position L14-L16) has 
reduced between 22 lux (-3.1%) and 70 lux (-14.7%).  The louvre system also 
cannot provide additional daylighting to the south-west (Position L4-L6) and 
south-east office pod (Position L17-L19).   Measurements taken at position L6 
and L19, however, recorded an increase in illuminance level, although this may 
be due to diffuse light from the clerestory windows on the atrium side rather 
than diffuse daylight from ceiling reflections.  The increase in illuminance level 
by the atrium-side corridor down-light is not enough to illuminate visual tasks in 
the office.  Therefore artificial lighting is still necessary to provide additional 
lighting for the occupant work in that office area. 
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Measurement at 17:00  
Results of illuminance measurements at all 18 locations are shown in Figure 6.5  
 
  
Figure 6.5: Illuminance mapping for measurement on workplane at 
17:00 
 
 
  
TIME 17:00:00
EXTERNAL LUX (before measurement) 36900
EXTERNAL LUX (after measurement) 27600
Base Case (without the blind)
Light guiding blind on clerestory window
Precentage of difference
L1 533.0 512.0 L7 235.0 288.0 L14 530.0 530.0 -3.9% 22.6% 0.0%
L2 345.0 317.0 L8 247.0 244.0 L15 347.0 305.0 -8.1% -1.2% -12.1%
L3 270.0 243.0 L9 167.0 169.7 L16 230.0 226.0 -10.0% 1.6% -1.7%
L10 126.3 119.1 -5.7%
L4 39.3 41.3 L11 117.8 103.1 L17 39.1 38.5 5.1% -12.5% -1.5%
L5 37.9 39.2 L12 81.4 73.0 L18 36.9 37.0 3.4% -10.3% 0.3%
L6 29.3 30.1 L13 61.8 58.0 L19 32.4 32.0 2.7% -6.1% -1.2%
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The measurement at 17:00 was taken with relatively low average external 
illuminance level at about 32250 lux.  The illuminance level in north-west 
(Position L1-L3) and north east (Position L14-L16) office area is still about 300 
lux; while the south-west (Position L4-L6) and south-east (Position L17-L19) 
office pods have a illuminance level, only 30.1 (Position L6) to 41.3 lux (Position 
L4) at workplane.  With the light guiding louvre system installed in the test room, 
the illuminance levels in the office area have mostly reduced. The exception to 
this is the south-west office pod (Position L4-L6) which is due to atrium diffuse 
lighting and Position L7 possibly due to a street lamp which has been turned on.   
The daylight guiding louvre system has no beneficial daylight guiding effect at 
this time of the day.  It may even provide shading to the room interior. 
 
In general, the performance of the light guiding louvre system installed within 
the clerestory portion of a divided façade has several benefits, but at a cost.   
The system provides glare reduction in the morning and a more even daylight 
distribution across the room at workplace during daytime.  On the other hand, in 
the late afternoon when external illuminance is at a relatively lower level, the 
light guiding system has provided some shading instead of enhancing the 
lighting level of room interior. 
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6.2. Daylighting performance of different systems 
 (qualitative study)  
 
Qualitative analysis with the help of luminance measurement of the test room 
between Scenario Two (with laser cut panel) and Scenario Three (with daylight 
guiding louvre system) allows an assessment of the daylighting performance 
and identifies the advantages and disadvantages of the two systems.  The 
results are illustrated in sets of processed luminance pictures.  
 
Figure 6.6 illustrates the luminance analysis of the north side from 12pm – 5pm.  
In general, the office space with light guiding louvre system (Scenario Three) 
installed has better daylight distribution than the laser cut panel (Scenario Two).  
As seen in the luminance pictures, the room surfaces such as ceiling, partition 
walls in Scenario Three have higher luminance level than Scenario Two.   The 
daylight patterns on the ceiling of Scenario Three also reveal a deeper 
penetration of daylight into the space than Scenario Two.   
 
It was observed that the office space has serious glare problem even with the 
external sunshade installed.  Feedback from occupants also confirmed that the 
internal sun blind is necessarily especially in winter (lower sun angle) to avoid 
glare on the work plane. 
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Figure 6.6: Luminance pictures of north-facing window area in the test 
room 
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At 15:00 when the sun is at a lower position, the light guiding effect in both 
cases is reduced.  However, there is a shape light guiding pattern created on 
the ceiling of Scenario Three with the light guiding louvre installed.   The pattern 
can be recognized in the luminance picture with a very “clean-cut” colour 
change on the ceiling.  The north-west part of office space was also shaded and 
without a significant amount of daylight reflection from the ceiling. 
 
Daylight guiding systems re-direct useable sunlight towards the ceiling.  The 
ceiling reflection (luminance output) provides illuminance to the workplane and 
also affects the dimming controls on the electric lighting. The stronger the 
luminance level on the ceiling and the deeper the penetration means better light 
guiding performance.  In Figure 6.7, throughout the afternoon, Scenario Three, 
with light guiding louvre installed, has a deeper daylight penetration on the 
ceiling.  The luminance level on the ceiling of Scenario Three is also higher than 
in Scenario Two with laser cut panel installed.  However, measurement at 15:00 
illustrated a similar result as before; the ceiling of Scenario Three has shape 
light guiding patterns over the north-west office area.  This should be avoided 
and means that the light guiding blind should be retracted or tilted at another 
angle after 15:00.   
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Figure 6.7: Luminance pictures of the ceil ing in the test room 
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Figure 6.8 are unprocessed images prior to the production of the luminance 
pictures presented in Figure 6.7.  The images illustrate exactly what can be 
observed on site in the office room when looking upward to the ceiling.  In 
Figure 6.8, the Scenario Three images have light guiding patterns cast on the 
ceiling at different times of the day.  At 15:00, the problem of shape light guiding 
pattern becomes more serious and shaded half of the office space.  
 
Figure 6.9 illustrates that for Scenario Three with the light guiding louvre system 
installed, daylight can be guided towards the end of the room ceiling and 
provides additional illuminance for the two office areas which face the atrium.  
The light guiding effect mentioned above is only significant between 12:00 and 
13:00 while it decreases in effectiveness during late afternoon.  Scenario Two 
with the laser cut panel cannot provide an efficient guiding effect for the two 
atrium-facing office spaces. 
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Figure 6.8: Fish eye view of the ceiling (unprocessed images)  
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Figure 6.9: Luminance pictures for view towards atrium 
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6.2.1. Daylighting performance of different systems   
(quantitative study)  
 
Illuminance measurement data, as in Chapter 5, has been organized under the 
group title of clear sky conditions and overcast / partly cloudy sky conditions.   
Indoor illuminance measurements from the lux level sensors installed at 2.1 m 
over partition walls are closely related to the external illuminance levels.  
Therefore both external illuminance and indoor illuminance are presented 
graphically in this section. 
 
Under clear sky condition 
Figure 6.10 illustrates the external vertical and global illuminance level from 9 
am to 5 pm under a perfect clear sky on a winter’s day. As seen on the Figure 
6.10, external vertical illuminance can reach 105000 lux during the morning and 
gradually reduce throughout a day.  External global illuminance on the other 
hand peaks at noon at about 60000 lux and gradually decrease during the rest 
of the day. 
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Figure 6.10: Outdoor il luminance levels under clear sky conditions 
 
Figure 6.11 provides the indoor illuminance levels on top of the partial walls in 
the testing rooms.   Results indicate that the room with the light guiding louvre 
generally has higher lux levels than when a laser cut panel was installed on the 
clerestory region.  At 2 m away from the north-facing windows, the room with 
the blind maintains an illuminance level of 2300 lux from 10:00 to 13:00.  For 
the same location where the laser cut panel was installed, only about 1400 lux 
can be achieved.   At the 4 m sensor location, both scenarios have much lower 
illuminance levels.  The results illustrate that where a light guiding louvre 
system is installed in the clerestory region, its light guiding performance can 
provide 100 lux more than the comparison case of a laser cut panel at the same 
time (noon).  During the afternoon, laser cut panels can provide more 
illuminance to the room than the blind system (with the same experiment 
setting).  The result may be due to the light guiding pattern shading the 
measurement sensors, which was illustrated before in the luminance mapping.  
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At the 6 m distance from the north windows, the two daylight guiding systems 
provide similar illuminance level over the partition wall. 
 
 
Figure 6.11: Indoor illuminance levels under clear sky conditions 
 
 
Overcast sky / partly cloudy condition 
Illuminance measurements taken on two overcast days are illustrated in Figure 
6.12 and Figure 6.13.  External vertical illuminance on those two days is very 
low i.e. 4000-8000 lux.  External global illuminance has fluctuated a lot 
throughout the day.  Indoor illuminance measurements show little response to 
the outdoor sky conditions.   At the 2 m sensor location, the daylight guiding 
louvre can provide almost double the illuminance level than the laser cut panel.    
However at 4 m and 6 m distance from north windows, the two daylight guiding 
systems provide similar illuminance levels over the partition wall. 
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Figure 6.12: Outdoor il luminance levels under overcast sky conditions 
 
 
Figure 6.13: Indoor illuminance levels under overcast sky conditions 
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6.3. Correlation between indoor illuminance and 
outdoor weather conditions 
 
The procedures to perform the correlation study and produce a prediction 
formula between outdoor conditions and indoor illuminance level have been 
explained in Chapter 5, where an example with one of the measurement 
location has been provided.  A flow chart about the procedures to produce 
prediction formula has been provided in Figure 5.27. This section presents the 
results of the indoor illuminance level prediction formula for the test room with 
daylight guiding louvre system installed on the clerestory region.  Since this 
study focuses on the performance of a daylight guiding louvre system, 
prediction formulas for the reference case (Scenario One) and with the laser cut 
panel installed (Scenario Two) are not provided, but they can be obtained with 
the same procedures.   
 
Results of each prediction formula are examined with the following outputs: 
 regression study results 
 significance of the variables which constitute the formula. 
 the prediction formulas 
 accuracy of the formula by percentage of error 
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Clear sky prediction formula for Position B2 
The sensor is on top of a partition wall, 2 m away from north-facing window area 
(B2) with the daylight guiding louvre system installed on clerestory region.  
Figure 6.14 illustrates the regression study results of the measurement position 
B2 under clear sky conditions.   
 
Figure 6.14: Regression study of measurements at position B2 (clear 
sky conditions)  
 
The summary output is produced by Excel analysis ToolPAK plug-in.  There are 
three statistically significant variables, identified with P-value smaller than 0.05.  
The three variables are: external vertical illuminance level (X1), sine of the solar 
azimuth angle (in radians) (X2) and solar altitude (X3).  Therefore prediction 
formula for indoor Illuminance (Iics) at Position B2 is given by Eqn. 1:   
 
Iics = f(X1) + f(X2) + f(X3)                                     --------------  Eqn. 1 
SUMMARY OUTPUT Correlation Study of Position B2
Clear Sky Conditions
Regression Statistics 1 Ext Vert vs B2 (PM)
Multiple R 0.999817 2 Ext Glob vs B2 (PM)
R Square 0.999634 3 Rad vs B2 (PM)
Adjusted R Square0.999629 4 KT vs B2 (PM)
Standard Error 13.08969 5 SIN AZM_RAD vs B2
Observations 481 6 ALT vs B2
ANOVA
df SS MS F Significance F
Regression 6 2.22E+08 36943188 215613.4 0
Residual 474 81215.12 171.3399
Total 480 2.22E+08
CoefficientsStandard Error t Stat P-value Lower 95% Upper 95%Lower 95.0%Upper 95.0%
Intercept 5.569124 7.589448 0.733798 0.463434 -9.343998914 20.48225 -9.344 20.48225
X Variable 1 0.017944 0.00619 2.898928 0.003918 0.005781101 0.030107 0.005781 0.030107
X Variable 2 -0.00762 0.012098 -0.63004 0.528974 -0.031394616 0.01615 -0.03139 0.01615
X Variable 3 -0.01478 0.008253 -1.79038 0.07403 -0.030994865 0.001441 -0.03099 0.001441
X Variable 4 -1.6E-06 3.22E-06 -0.49966 0.61755 -7.94689E-06 4.72E-06 -7.9E-06 4.72E-06
X Variable 5 0.970392 0.014935 64.97248 3.6E-238 0.941043715 0.999739 0.941044 0.999739
X Variable 6 0.035533 0.017542 2.025631 0.043362 0.001063907 0.070002 0.001064 0.070002
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where: 
X1 = Ext. Vertical Illuminance 
= 0.0179442693803292 (0.0032x3 - 0.2019x2 + 31.193x - 4.5927)     
 
= 0.00005742166201705344x3 - 0.00362294798788846548 x 2 + 0.5597355947806087356x - 
0.08241264598303791684 
 
X2 = Sin AZM_RAD 
= 0.970391545324543 (-4314.2x6 - 2956x5 + 1431.5x4 + 2008.7x3 - 1640.9x2 + 312.6x + 2294.5) 
 
= -4186.4632048391434106x6 -2868.477407979349108x5 + 1389.1154971320833045x4 + 
1949.2254970934095241x3 -1592.3154867230426087x2 + 303.3443970684521418x + 
2226.5634007471639135 
 
X3 = ALT 
= 0.035533120703836 (3E-05x6 - 0.0024x5 + 0.0728x4 - 1.04x3 + 7.1993x2 + 47.368x - 48.441) 
 
= 0.00000106599362111508x6 - 0.0000852794896892064x5 + 0.0025868111872392608x4 - 
0.03695444553198944x3+ 0.2558135958831265148x2 +1.683132861499303648x -
1.721259900014519676 
 
 
The three variables in the formula were substituted with measurement data and 
added together to produce “formula output” values, which were then used to 
predict indoor illuminance levels.  The predicted values have been plotted 
against indoor illuminance measurements at Position B2 for accuracy check 
(Figure 6.15).  The clear sky conditions prediction formula has a very high 
accuracy.  Figure 6.16 shows the accuracy check of the results.  Nearly 70% of 
the predicted illuminance values have 5% of error when compared with real 
measurements.  While 22% of the predicted illuminance values have only 2% of 
error when compared with real measurements.  Over 90% of results are within 
5% or less error. 
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Figure 6.15: Prediction vs measured illuminance at Position B2 
(clear sky conditions) 
 
 
Figure 6.16:  Accuracy of the prediction formula for Position B2 
(clear sky conditions) 
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Overcast sky prediction formula for Position B2 
The sensor is on top of a partition wall, 2 m away from north-facing window area 
(B2) with the daylight guiding louvre system installed on clerestory region.  
Figure 6.17 illustrates the regression study results of the measurement position 
B2 under overcast sky conditions.   
 
 
Figure 6.17: Regression study of measurements at Position B2 
(overcast sky conditions)  
 
The summary output is produced by Excel analysis ToolPAK plug-in.  The 
regression study that identified five variables with their intercept value are 
significant to the prediction: external vertical illuminance level (X1), external 
global illuminance (X2), solar radiation (X3), clearness index (X4), solar altitude 
(X5) and intercept. 
SUMMARY OUTPUT Correlation Study of Position B2 
Overcast Sky Conditions
Regression Statistics 1 Ext Vert vs B2 (PM)
Multiple R 0.981737 2 Ext Glob vs B2 (PM)
R Square 0.963808 3 Rad vs B2 (PM)
Adjusted R Square0.963579 4 KT vs B2 (PM)
Standard Error 15.27662 5 SIN AZM_RAD vs B2
Observations 952 6 ALT vs B2
ANOVA
df SS MS F Significance F
Regression 6 5873104 978850.6 4194.326 0
Residual 945 220539.4 233.375
Total 951 6093643
CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%
Intercept 17.53264 5.930471 2.956365 0.00319 5.894224 29.17105 5.894224 29.17105
X Variable 1 0.360165 0.020162 17.86369 1.02E-61 0.320598 0.399733 0.320598 0.399733
X Variable 2 0.354156 0.024569 14.41457 1E-42 0.305939 0.402373 0.305939 0.402373
X Variable 3 0.297717 0.032838 9.06629 6.96E-19 0.233274 0.362161 0.233274 0.362161
X Variable 4 0.000174 2.42E-05 7.187959 1.33E-12 0.000126 0.000221 0.000126 0.000221
X Variable 5 0.002812 0.039039 0.072021 0.9426 -0.0738 0.079424 -0.0738 0.079424
X Variable 6 0.01905 0.00696 2.737149 0.006314 0.005392 0.032709 0.005392 0.032709
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Therefore the prediction formula for indoor Illuminance (Iios) at Position B2 is 
given by Eqn. 2:   
 
Iios = f(X1) + f(X2) + f(X3) + f(X4) + f(X5) + intercept  --------------  Eqn. 2 
 
Where: 
X1 = Ext. Vertical Illuminance 
= 0.36016532653008 (0.6153x3 - 18.384x2 + 188.38x - 349.46)     
 
= 0.221609725413958224x3 - 6.62127936292899072x2 + 67.8479442117364704x - 
125.8633750092017568 
 
X2 = Ext. Global Illuminance 
= 0.35415601462195 ( 3E-05x5 - 0.0033x4 + 0.138x3 - 2.4098x2 + 25.474x - 37.879) 
 
= 0.0000106246804386585x5 - 0.001168714848252435x4 + 0.0488735300178291x3 - 
0.85344516403597511x2 + 9.0217703164795543x -13.41507567786484405 
 
X3 = Solar Radiation 
= 0.297717346163768 (9E-32x12.601) 
 
= 2.679456115473912e-32x12.601 
 
X4 = Clearness Index KT 
= 0.000173942382515867 (1E+07x5 - 3E+07x4 + 2E+07x3 - 7E+06x2 + 1E+06x – 83634) 
 
= 1739.42382515867x5 - 5218.27147547601x4 + 3478.84765031734x3 -1217.596677611069x2 
+173.942382515867x -14.547497219332020678 
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X5 = ALT 
= 0.0190501859294285(-6E-05x6 + 0.0056x5 - 0.2065x4 + 3.7271x3 - 33.569x2 + 142.46x - 
186.24) 
 
=-0.00000114301115576571x6 + 0.0001066810412047996x5 -0.00393386339442698525x4 + 
0.07100194797757296235x3 -0.6394956914649853165x2 +2.71388948750638411x -
3.54790662749676384 
 
 
Intercept =17.5326389787205 
 
As previously, the five variables and intercept in the formula were substituted 
with measurement data and added together to produce “formula output” values, 
which were then used to predict indoor illuminance levels.  The predicted values 
have been plotted against indoor illuminance measurements at Position B2 for 
an accuracy check (Figure 6.18).   
 
The overcast sky prediction formula has higher percentage of errors compared 
with the clear sky conditions formula.  While Figure 6.15 has an almost perfect 
accuracy check for clear sky formula, Figure 6.18 shows a lot of predicted 
errors when using the overcast sky formula.   Predicted indoor illuminance 
levels by the overcast sky formula have majority of errors varying from 2% to 
30%.  The high percentage of errors maybe caused by the change in sky 
conditions and movement of clouds during in-situ measurements. 
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Figure 6.18:  Prediction vs measured illuminance at Position B2 
(overcast sky conditions) 
 
 
Figure 6.19: Accuracy of the prediction formula for Position B2 
(overcast sky conditions) 
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Clear sky formula for location B4 
The sensor is on top of a partition wall, 4 m away from north-facing window area 
(B4) with the daylight guiding louvre system installed on clerestory region.  
Figure 6.20 illustrates the regression study results of the measurement position 
B4 under clear sky conditions.   
 
Figure 6.20: Regression study of measurements at Position B4 (clear 
sky conditions) 
 
There are three statistically significant variables, identified with P-value smaller 
than 0.05.  The three variables are: external vertical illuminance level (X1), sine 
of the solar azimuth angle (in radians) (X2) and solar altitude (X3).  Therefore 
prediction formula for indoor Illuminance (Iics) at Position B4 is given by Eqn. 3:   
 
Iics = f(X1) + f(X2) + f(X3)                                     --------------  Eqn. 3 
SUMMARY OUTPUT Correlation Study of Position B4
 Clear Sky Conditions
Regression Statistics 1 Ext Vert vs B4 (PM)
Multiple R 0.998308 2 Ext Glob vs B4 (PM)
R Square 0.996619 3 Rad vs B4 (PM)
Adjusted R Square0.996576 4 KT vs B4 (PM)
Standard Error10.9617 5 SIN AZM_RAD vs B4
Observations 481 6 ALT vs B4
ANOVA
df SS MS F Significance F
Regression 6 16788117 2798019 23286.01 0
Residual 474 56955.28 120.1588
Total 480 16845072
CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%
Intercept 14.41319 7.705622 1.870477 0.062034 -0.72821 29.55459 -0.72821 29.55459
X Variable 10.009983 0.004586 2.176955 0.029977 0.000972 0.018994 0.000972 0.018994
X Variable 2 -0.00212 0.00169 -1.25631 0.209624 -0.00544 0.001197 -0.00544 0.001197
X Variable 3 0.05597 0.028447 1.967543 0.049703 7.29E-05 0.111868 7.29E-05 0.111868
X Variable 4 2.68E-07 2.68E-07 0.997682 0.318943 -2.6E-07 7.95E-07 -2.6E-07 7.95E-07
X Variable 50.847893 0.03737 22.68926 1.05E-77 0.774462 0.921324 0.774462 0.921324
X Variable 60.033694 0.009237 3.647902 0.000294 0.015545 0.051844 0.015545 0.051844
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Where: 
 
X1 = Ext. Vertical Illuminance 
= 0.00998311324288857 (0.0038x3 - 0.3325x2 + 13.924x - 26.046)     
 
= 3.79358E-05x3 - 0.003319385x 2 + 0.139004869x -0.260020168 
 
X2 = Sin AZM_RAD 
= 0.847893316637258 (-3856.9x6 - 1440.4x5 + 3242.6x4 + 771.01x3 - 1277.1x2 + 131.76x + 
633.89) 
 
X3 = ALT 
= 0.0336943682898361 (6E-05x6 - 0.0049x5 + 0.1562x4 - 2.3542x3 + 16.9x2 - 34.009x + 32.788) 
 
 
As previously, the three variables in the formula are substituted with 
measurement data and added together to produce “formula output” values, 
which were then used to predict indoor illuminance levels.  The predicted values 
have been plotted against indoor illuminance measurements at Position B4 for 
an accuracy check (Figure 6.21).  The clear sky conditions prediction formula 
has acceptable accuracy.  Figure 6.22 shows the accuracy check results.  Just 
over 10% of the predicted illuminance values have only 5% of error while 
compare with real measurements.  While 57% of the predicted illuminance 
values have 10% of error; 28.3% have 15% of error when compared with real 
measurements. 
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Figure 6.21: Prediction vs measured illuminance at Position B4  
(clear sky conditions) 
 
 
Figure 6.22:   Accuracy of the prediction formula for Position B4 
(clear sky conditions) 
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Overcast sky formula for location B4 
The sensor is on top of a partition wall, 4 m away from north-facing window area 
(B4) with the daylight guiding louvre system installed on clerestory region.  
Figure 6.23 illustrates the regression study results of the measurement position 
B4 under overcast sky conditions.   
 
 
Figure 6.23: Regression study of measurements at Position B4 
(overcast sky conditions) 
 
The regression study identified all six variables with their intercept value are all 
significant to the prediction: external vertical illuminance level (X1), external 
global illuminance (X2), solar radiation (X3), clearness index (X4), sine of the 
solar azimuth angle (in radians) (X5), solar altitude (X6)  and intercept.   
SUMMARY OUTPUT Correlation Study of Position B4
Overcast Sky Conditions
Regression Statistics 1 Ext Vert vs B2 (PM)
Multiple R 0.978248 2 Ext Glob vs B2 (PM)
R Square 0.95697 3 Rad vs B2 (PM)
Adjusted R Square0.956697 4 KT vs B2 (PM)
Standard Error4.230276 5 SIN AZM_RAD vs B2
Observations 952 6 ALT vs B2
ANOVA
df SS MS F Significance F
Regression 6 376093.1 62682.18 3502.73 0
Residual 945 16911 17.89524
Total 951 393004.1
CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%
Intercept 9.96507 2.187674 4.555099 5.92E-06 5.67181 14.25833 5.67181 14.25833
X Variable 10.583717 0.014463 40.35895 8E-208 0.555334 0.612101 0.555334 0.612101
X Variable 20.246479 0.038999 6.320138 4.02E-10 0.169945 0.323014 0.169945 0.323014
X Variable 30.508266 0.049611 10.24511 1.98E-23 0.410906 0.605626 0.410906 0.605626
X Variable 40.000496 5E-05 9.91986 3.94E-22 0.000398 0.000594 0.000398 0.000594
X Variable 5 -0.20189 0.049547 -4.07474 4.99E-05 -0.29912 -0.10466 -0.29912 -0.10466
X Variable 6 -0.00082 0.000267 -3.07598 0.002158 -0.00134 -0.0003 -0.00134 -0.0003
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Therefore prediction formula for indoor Illuminance (Iios) at Position B4 is given 
by Eqn. 4:   
 
Iios = f(X1) + f(X2) + f(X3) + f(X4) + f(X5) + f(X6) + intercept --------------  Eqn. 4 
Where: 
X1 = Ext Vertical Illuminance 
= 0.58371726408879 (0.1336x3 - 4.1845x2 + 44.807x - 82.984)     
 
X2 = Ext Global Illuminance 
= 0.246479286044343 (5E-06x5 - 0.0007x4 + 0.0291x3 - 0.5177x2 + 5.7841x - 7.4521) 
 
X3 = Solar Radiation 
= 0.508265993685709 (4E-31x12.114) 
 
X4 = Clearness Index KT 
= 0.00049609270274914 (4E+06x5 - 7E+06x4 + 5E+06x3 - 2E+06x2 + 311747x - 21503) 
 
X5 = Sin AZM_RAD 
= -0.201889952287135  (-216.08x6 + 44.996x5 + 209.78x4 - 64.37x3 - 104.28x2 + 21.669x + 
48.214) 
 
X6 = ALT 
= -0.000820114848247661 (-2E-05x6 + 0.0015x5 - 0.0574x4 + 1.0378x3 - 9.3646x2 + 39.664x - 
51.476) 
 
Intercept = 9.96506996506507 
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The six variables and intercept in the formula were substituted with 
measurement data and added together to produce “formula output” values, 
which were then used to predict indoor illuminance levels.  The predicted values 
are plot against indoor illuminance measurements at Position B4 for accuracy 
check (Figure 6.24).   
 
Similar to the overcast sky prediction formula for Position B2, the overcast sky 
prediction formula for B4 has a higher percentage of errors when compared to 
the clear sky conditions formula at the same position.  Figure 6.25 shows 
predicted indoor illuminance levels by the overcast sky formula have majority of 
errors varying from 2% to 30%.  In general, errors were lower than 20% on 
average, with mostly 15% percentage of error among the predicted values.  The 
high percentage of errors maybe caused by the change in sky conditions and 
movement of clouds during in-situ measurements. 
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Figure 6.24:  Prediction vs measured illuminance at Position B4 
(overcast sky conditions) 
 
 
Figure 6.25:  Accuracy of the prediction formula for Position B4 
(overcast sky conditions) 
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Clear sky formula for location B6 
The sensor is on top of a partition wall, 6 m away from north-facing window area 
(B6) with the daylight guiding louvre system installed on clerestory region.  
Figure 6.26 illustrates the regression study results of the measurement position 
B6 under clear sky conditions.   
 
Figure 6.26: Regression study of the measurements at Position B6 
(clear sky conditions) 
 
There are only two statistically significant variables, identified with a P-value 
smaller than 0.05.  The two variables are: external vertical illuminance level 
(X1), and sine of the solar azimuth angle (in radians) (X2).  Therefore prediction 
formula for indoor Illuminance (Iics) at Position B6 is given by Eqn. 5:   
 
Iics = f(X1) + f(X2)       --------------  Eqn. 5 
SUMMARY OUTPUT Correlation Study of Position B6
 Clear Sky Conditions
Regression Statistics 1 Ext Vert vs B6 (PM)
Multiple R 0.995599 2 Ext Glob vs B6 (PM)
R Square 0.991218 3 Rad vs B6 (PM)
Adjusted R Square0.991107 4 KT vs B6 (PM)
Standard Error7.120187 5 SIN AZM_RAD vs B6
Observations 481 6 ALT vs B6
ANOVA
df SS MS F Significance F
Regression 6 2712397 452066.2 8917.01 0
Residual 474 24030.41 50.69706
Total 480 2736428
CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%
Intercept 6.575241 4.645826 1.415301 0.157637 -2.55372 15.7042 -2.55372 15.7042
X Variable 10.019945 0.006904 2.888942 0.004042 0.006379 0.033511 0.006379 0.033511
X Variable 20.015275 0.009347 1.634236 0.102873 -0.00309 0.033641 -0.00309 0.033641
X Variable 3 -0.07637 0.043861 -1.74124 0.08229 -0.16256 0.009814 -0.16256 0.009814
X Variable 4 3.79E-07 2.84E-07 1.334474 0.182689 -1.8E-07 9.38E-07 -1.8E-07 9.38E-07
X Variable 51.016925 0.04785 21.25241 6.74E-71 0.922901 1.110949 0.922901 1.110949
X Variable 6 -0.00255 0.003116 -0.81787 0.413841 -0.00867 0.003574 -0.00867 0.003574
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Where: 
X1 = Ext. Vertical Illuminance 
= 0.0199449049061351 (0.0018x3 - 0.1654x2 + 6.378x - 13.222)     
 
X2 = Sin AZM_RAD 
= 1.01692495882038 (-1172.2x6 + 70.473x5 + 1204x4 - 189.38x3 - 572.15x2 + 134.06x + 257.32) 
 
 
The two variables in the formula were substituted with measurement data and 
added together to produce “formula output” values, which were then used to 
predict indoor illuminance levels.  The predicted values were plotted against 
indoor illuminance measurements at Position B6 for an accuracy check (Figure 
6.27).  The clear sky conditions prediction formula has acceptable accuracy.  
Figure 6.22 shows the accuracy check results.  Around 20% of the predicted 
illuminance values have 2% and 15% of error respectively, 15% of the predicted 
values have 5% of error, while 40.5% of the predicted illuminance values have 
only 10% of error when compared with real measurements.   
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Figure 6.27:  Prediction vs measured illuminance at Position B6 
(clear sky conditions) 
 
 
Figure 6.28:  Accuracy of the prediction formula for Position B6 
(clear sky conditions) 
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Overcast sky formula for location B6 
The sensor is on top of a partition wall, 6 m away from north-facing window area 
(B6) with the daylight guiding louvre system installed on clerestory region.  
Figure 6.29 illustrates the regression study results of the measurement position 
B6 under overcast sky conditions.   
 
 
Figure 6.29:  Regression study of measurements at Position B6 
(overcast sky conditions) 
 
The regression study identified all six variables with their intercept value are 
significant to the prediction: external vertical illuminance level (X1), external 
global illuminance (X2), solar radiation (X3), clearness index (X4), sine of the 
solar azimuth angle (in radians) (X5), solar altitude (X6)  and intercept.   
SUMMARY OUTPUT Correlation Study of Position B6 
Overcast Sky Conditions
Regression Statistics 1 Ext Vert vs B6 (PM)
Multiple R 0.977996 2 Ext Glob vs B6 (PM)
R Square 0.956477 3 Rad vs B6 (PM)
Adjusted R Square0.9562 4 KT vs B6 (PM)
Standard Error1.843177 5 SIN AZM_RAD vs B6
Observations 952 6 ALT vs B6
ANOVA
df SS MS F Significance F
Regression 6 70553.32 11758.89 3461.242 0
Residual 945 3210.451 3.397303
Total 951 73763.77
CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%
Intercept 6.477524 0.70773 9.152529 3.35E-19 5.088619 7.866429 5.088619 7.866429
X Variable 10.417469 0.021854 19.10251 4.85E-69 0.37458 0.460357 0.37458 0.460357
X Variable 20.086078 0.009839 8.748356 9.79E-18 0.066768 0.105387 0.066768 0.105387
X Variable 30.555229 0.024531 22.63385 5.7E-91 0.507088 0.603371 0.507088 0.603371
X Variable 40.000756 5.4E-05 13.98163 1.63E-40 0.00065 0.000862 0.00065 0.000862
X Variable 5 -0.26194 0.045844 -5.71369 1.48E-08 -0.3519 -0.17197 -0.3519 -0.17197
X Variable 60.002664 0.001156 2.304574 0.021406 0.000396 0.004933 0.000396 0.004933
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Therefore prediction formula for indoor Illuminance (Iios) at Position B6 is given 
by Eqn. 6:   
 
Iios = f(X1) + f(X2) + f(X3) + f(X4) + f(X5) + f(X6) + intercept --------------  Eqn. 6 
Where: 
X1 = Ext Vertical Illuminance 
= 0.417468679747396 (0.0506x3 - 1.6311x2 + 18.163x - 32.928)     
 
X2 = Ext Global Illuminance 
= 0.0860778571489224 (7E-07x5 - 0.0001x4 + 0.0079x3 - 0.1589x2 + 2.1538x - 2.0605) 
 
X3 = Solar Radiation 
= 0.555229436822317 (3E-29x11.301) 
 
X4 = Clearness Index KT 
= 0.000755707031808152 (2E+06x5 - 3E+06x4 + 2E+06x3 - 803941x2 + 140856x - 9723.9) 
 
X5 = Sin AZM_RAD 
= -0.261936248460174  (-99.053x6 + 20.253x5 + 97.515x4 - 29.141x3 - 47.832x2 + 9.6189x + 
21.76) 
 
X6 = ALT 
= 0.00266433679323453 (-7E-06x6 + 0.0007x5 - 0.0256x4 + 0.4647x3 - 4.2206x2 + 17.99x - 
22.954) 
 
Intercept = 6.47752356155582 
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The six variables and intercept in the formula are substituted with measurement 
data and added together to produce “formula output” values, which were then 
used to predict indoor illuminance levels.  The predicted values were plotted 
against indoor illuminance measurements at Position B6 for accuracy check 
(Figure 6.30).   Similar to the overcast sky prediction formula for Position B2 
and B4, the overcast sky prediction formula for B6 has higher percentage of 
errors while compare to the clear sky conditions formula at the same position.  
Figure 6.31 shows predicted indoor illuminance levels by the overcast sky 
formula have majority of errors varying from 2% to 30%, frequency of having 
errors among those range are between 12-18%. 
 
 
Figure 6.30:  Prediction vs measured illuminance at  Position B6 
(overcast sky conditions) 
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Figure 6.31:  Accuracy of the prediction formula for Position B6 
(overcast sky conditions) 
 
 
In summary, the correlation study between indoor illuminance and outdoor 
weather conditions has proven indoor illuminance levels are predictable from 
external weather conditions with reasonable accuracy.  A formula for predicting 
indoor illuminance under clear sky conditions in the case study office space can 
have high level of accuracy with an average 10% of errors on prediction.  
External vertical illuminance level, sine of the solar azimuth angle (in radians) 
and solar altitude are the three significant variables for the correlation-prediction 
formula under clear sky conditions.  The exception is Position B6, where solar 
altitude is not found to be a significant variable.  The reason for that may be due 
to the measurement position being deep inside the office space and without a 
strong correlation to the external sky conditions.   
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A formula for predicting indoor illuminance from externally weather conditions 
under overcast sky conditions, however, has greater chance of error, but the 
predicted values are mostly within 30% of error from the real measurement.  
Almost all the six investigated outdoor measured variables are significant to the 
correlation-prediction formula.    
 
During the in-situ measurement stage for this study, only a limited amount of 
collected data was useable for analysis.  Collected data has been excluded if 
the artificial lighting and fans were switched on.   Other data has been excluded 
due to unstable weather / sky conditions and equipment errors.   All of the 
above reasons may contribute to the prediction error in this experiment. 
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6.4. Energy simulation results by ENERGY-10 
 
The study compares the energy consumption between the reference cases 
(Scenario One - existing office condition without any daylighting system 
installed) with continuous dimming controls on the electric lighting, and the 
improved case (with the daylight guiding louvre system installed).  The results 
indicate that the additional energy saving by installing the light guiding blind is 
minimal.   Figure 6.32 illustrates the annual energy consumption for both cases. 
 
 
Figure 6.32: Comparison of annual energy consumption between two 
cases 
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If the lighting control on workplane illuminance is set at 320 lux as stated in 
AS1680, energy saving from the light guiding blind system is only 7.4 kWh/m2.  
Assuming the cost for electricity is $0.14/kWh, the annual saving from the 
louvre system can be calculated as shown below: 
 
Annual energy saving = 7.4 kWh/m2 
Cost of electricity assumed $0.14/kWh 
Area of the office space = 44 m2 
 
Annual energy saving for the office space = 7.4 x 44 = 325.6 kWh 
Annual cost saving for the office space = 325.6 x $0.14 = $45.6 / year 
 
Since the light guiding louvre system cost over $1500, the payback time for the 
louvre system will be over 30 years which is unacceptable.  However, due to the 
limitations of the Energy-10 simulation programme and complexity of the in-situ 
parameters required to perform the simulation, the reduction in the cooling load 
of the air conditioning system with the installation of the reflective louvre system 
has not been considered.  By considering the reduction in the cooling load and 
other benefits from the blind system such as the improvement in the visual 
quality of the space, glare prevention at certain times of the day and possible 
increased productivity of the occupants, the application of light guiding louvre 
might be justified.  
 
P a g e  | 160 
 
Tony Chun Yu Leung           Performance study of a daylight guiding system in an office building 
Using ENERGY-10 to simulate daylighting performance of the blind system has 
certain limitations.  The programme uses a split flux method for the daylighting 
calculation which allows fast daylight performance calculations at the expense 
of accuracy.  Secondly, the lighting zone algorithm in ENERGY-10 only allows 
five zones and five set points; therefore, it may not exactly reflect the 
illuminance distribution in the modelled space.  Limits of the in-situ 
measurement data also reduce the accuracy of the predictions of annual energy 
savings.  
  
 
6.5.Observations and improvements in the office 
 
Daylighting performance of the light guiding blind system and the existing room 
conditions are closely related.  Conditions in the testing room can be seen in 
Figure 6.33.  Based on an analysis of the results from experiments and 
observations on site, certain design issues in the test office space have 
negatively impacted on the performances of the louvre system. 
 
One of the major lighting issues in the test space is the under-illumination of the 
two atrium-facing office rooms.   Although a certain amount of diffuse light may 
come into the rooms from the atrium, the rooms have an insufficient light level if 
the artificial light is switched off.  Results show that the two inner rooms have 
only 100 lux at noon and the illuminance level on workplane can be reduced to 
30-50 lux in the afternoon.  The partition walls between the rooms have the 
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effect of blocking the daylighting into the two areas.  Re-design of the two 
partition walls such as lowering their height or using translucent material could 
be considered and would allow improvements in the light conditions.  The room 
in general darkens during an overcast day and without much daylight 
penetration into the space.   The issue can be improved by painting the walls 
white to increase luminance reflection and brightness of the room.   
 
 
Figure 6.33:  Office room where all the in-situ measurements 
performed 
 
To improve the lighting performance in the case study office space, the electric 
lighting in the room should be mounted parallel to the north-facing window 
instead of perpendicular to it to allow better light distribution and prevent 
shadowing.  Currently the luminaries have the effect of reducing the indoor 
illuminance level and also diminish the effectiveness of the reflective louvre 
system.   It is important to note that a low floor-to-ceiling height may also have a 
significant effect on the performance of the reflective louvre system. 
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7. Conclusions 
 
In general, the reflective light guiding louvre system within the clerestory portion 
of a divided façade has several merits as well as faults.   By evaluating the 
luminance distribution mappings, it is evident that the reflective louvre can 
effectively guide daylight deep into the space via the ceiling plane.  On a clear 
and sunny day, the reflective daylighting guiding louvre installed on the north-
facing clerestory window can provide up to 70% additional illuminance on the 
workplane level.  Both illuminance and luminance measurement results show 
maximum daylight guiding efficiency between the hours of 09:00 and 15:00 
without controlling the blind tilt position.   During overcast or partly cloudy sky 
conditions, the reflective louvre does not perform as well as on a clear and 
sunny day.  Illuminance level on the workplane level only increases by an 
insignificant amount.  The reflective louvre also reduces daylight admission to 
the space after 15:00.  However, in terms of visual amenity value, the diffuse 
daylight from the louvre reflection provides an even distribution of usable 
daylight to the whole area.  The existing room conditions may also cause an 
underestimation of daylighting performance provided by the louvre system. 
 
The daylight guiding reflective louvre can be used effectively if a properly 
controlled light dimming system is employed in the office area.  Based on the 
results obtained from the energy use simulation, daylight distribution on the 
ceiling provided by the louvre system has the potential to offset electric light and 
power consumption.  However, the annual cost saving calculated as $45.6 per 
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year is not a cost-effective energy saving option.  Although the annual energy 
consumption study of the louvre system indicates the system has failed to 
achieve a reasonable cost saving to the office space, applications of venetian 
blind system coordinated with a light dimming device to offset power 
consumption on electric lighting have been demonstrated (Athienitis & 
Tzempelikos 2002; Galasiu et al. 2004).   Although proven not to be a cost 
effective energy saving option in this particular context, application of the 
daylight guiding louvre system in other places of Australia or other countries, 
particularly those with higher utility rates, may still present an opportunity.  In 
addition, the implementation of such daylighting technology can also be the 
driver for the adoption of green building practices. 
 
Most of the glare problems in the existing test room occur during the 08:00 – 
09:00 period in the morning.  Glare problems are evident on the workplane at a 
distance of 1 m from the north-facing windows.  The semi-silvered reflective 
louvre can reduce glares problems while remaining effective in light distribution 
during most of the day.   By examining the illuminance level on the workplane in 
the morning, it can be concluded that the daylight guiding louvre system can 
reduce illuminance of the overbrightness area by 40% - 50% while still guiding 
light deep into the office.   
 
However, there are also drawbacks of having the reflective light guiding louvre 
system in the office.  Under clear sky conditions, apart from re-directing daylight 
into the space, the system also creates contrast and produces light patterns 
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onto the room surfaces.  The blind system also creates a shading effect in the 
north-west office pod and reduces indoor illuminance level after hour 15:00.    
The methodology developed in this research has included four major tasks.  
The experiments conducted in this research have been based on providing a 
comprehensive analyse of various daylighting performance parameters.  
However, there are certain limitations to this study: 
 
The indoor illuminance level prediction from outdoor measurement data 
represents the major constraint in the study.   Accuracy of the prediction model 
may change if the case study office is in close proximity to another high-rise 
building. The experiment also requires simultaneously logging of indoor and 
outdoor measurement data under different sky conditions.  Measurements have 
been made over a six month period in order to assemble a reasonable 
collection of data.  However, significant measured data needed to be excluded 
due to unstable sky conditions, faulty equipment and occupants’ activities such 
as switching on/off electrical lighting or fluctuation of illuminance level by the 
dimming controls on electric lightings.    
 
Using ENERGY-10 to simulate daylighting performance of the blind system has 
certain limitations, as described in Chapter 5 section 5.5.4.  Therefore, it may 
not exactly reflect the illuminance distribution in the modelled space.  Limits of 
the in-situ measurement data also reduce the accuracy of annual energy 
simulations.  
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Despite the limitations mentioned above, a comprehensive methodology for 
assessing performance of a daylighting guiding system in an Australian office 
building has been developed.   The methodology investigates various indoor 
and outdoor daylighting performance parameters by comparison, simulation and 
calculation.  The methodology also provides a viable method of predicting 
indoor illuminance levels in the office space based on outdoor measurement 
data.   The prediction model can be the foundation work to investigate using 
exterior daylight measurements for an open-loop control dimming system. 
 
The semi-silvered reflective louvre installed within the clerestory region of a 
north-facing divided façade can provide an effective light-guiding effect and 
indirect daylight distribution along the ceiling plane.  The system can also 
provide glare protection and even distribution of diffuse daylight to the office 
space at certain times of a day.  With an automatic control algorithm installed on 
the louvre system, the benefits from daylight guiding performance may 
increase.    The research can be the foundation work to develop an automatic 
control algorithm for the blind system for use in southern hemisphere buildings.   
 
Simulation results also illustrated that there was an energy saving potential from 
the louvre system to offset power consumption from electric lighting.  Although 
the energy saving potential is minimal, a proper controlled light dimming system 
and a blind tilt angle control algorithm may increase the energy saving potential.  
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Appendix A –  
Supplementary information for  
correlation-prediction study at Position B2 
 
This section provides supplementary information for Chapter 5.5.3 and 6.3, 
particular for indoor measurement position B2 in the test room with the light 
guiding louvre system installed.  The simultaneous indoor and outdoor 
illuminance measurements has been organized and calculated in Excel 
spreadsheet programme.  The collected data have been grouped into clear sky 
conditions and overcast sky conditions.  Unused data due to inconsistency, 
equipment errors and occupants activities were excluded.  This appendix 
illustrates how the collected data have been organized. 
 
The datasheet organized all the useable measurements and calculations under 
different titles, they are: weather station data, calculated clearness index, in-situ 
illuminance measurements in the test rooms, correlation formulas substituted 
for regression study, and prediction formula output and comparison.    Due to 
the large amount of per minute data has been logged and processed, all figures 
in this section will only provided data logged from 09:00-10:00 on the measured 
day as an example. 
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A1.1 Data organization for Position B2 under clear sky conditions 
Table A1.1: Weather station data 
Azimuth AZM_RAD SIN(AZM_RAD)
W/m2
2005 176 9:00:00 11.95 46.99 0.8201 0.7312 81.6223 7.8325 468.6
2005 176 9:01:00 12.10 46.81 0.8169 0.7290 82.2514 8.0651 468.5
2005 176 9:02:00 12.24 46.62 0.8137 0.7269 82.7583 8.2703 468.5
2005 176 9:03:00 12.38 46.44 0.8105 0.7246 84.1686 8.5809 468.8
2005 176 9:04:00 12.52 46.25 0.8073 0.7224 84.6874 8.7800 469.2
2005 176 9:05:00 12.67 46.07 0.8041 0.7202 84.9481 9.0748 469.2
2005 176 9:06:00 12.81 45.88 0.8008 0.7179 86.7954 9.4286 469.3
2005 176 9:07:00 12.95 45.70 0.7976 0.7157 87.3306 9.7457 469.1
2005 176 9:08:00 13.09 45.51 0.7944 0.7134 87.4649 10.0447 469.5
2005 176 9:09:00 13.23 45.33 0.7911 0.7111 88.2751 10.4218 469.6
2005 176 9:10:00 13.37 45.14 0.7878 0.7088 89.3671 10.7716 469.6
2005 176 9:11:00 13.51 44.95 0.7846 0.7065 89.7801 11.1114 469.7
2005 176 9:12:00 13.65 44.76 0.7813 0.7042 90.4726 11.5095 469.4
2005 176 9:13:00 13.79 44.58 0.7780 0.7018 90.1949 11.8405 469.8
2005 176 9:14:00 13.92 44.39 0.7747 0.6995 91.3105 12.2239 470.4
2005 176 9:15:00 14.06 44.20 0.7714 0.6971 92.0147 12.5750 470.8
2005 176 9:16:00 14.20 44.01 0.7681 0.6947 92.2979 12.9775 470.7
2005 176 9:17:00 14.33 43.82 0.7647 0.6924 93.5828 13.2915 470.7
2005 176 9:18:00 14.47 43.63 0.7614 0.6899 93.8707 13.6909 471.0
2005 176 9:19:00 14.60 43.43 0.7581 0.6875 94.5943 14.0020 471.2
2005 176 9:20:00 14.74 43.24 0.7547 0.6851 95.0311 14.3287 471.2
2005 176 9:21:00 14.87 43.05 0.7514 0.6826 95.4698 14.6365 471.6
2005 176 9:22:00 15.01 42.86 0.7480 0.6802 95.7634 14.9425 471.8
2005 176 9:23:00 15.14 42.66 0.7446 0.6777 96.0579 15.2971 472.3
2005 176 9:24:00 15.28 42.47 0.7413 0.6752 97.3940 15.6655 472.2
2005 176 9:25:00 15.41 42.28 0.7379 0.6727 97.5436 16.0142 472.1
2005 176 9:26:00 15.54 42.08 0.7345 0.6702 97.3940 16.3597 472.7
2005 176 9:27:00 15.67 41.89 0.7311 0.6677 97.3940 16.7020 472.8
2005 176 9:28:00 15.80 41.69 0.7277 0.6651 99.5083 17.0891 472.6
2005 176 9:29:00 15.93 41.50 0.7242 0.6626 98.2947 17.4716 472.7
2005 176 9:30:00 16.06 41.30 0.7208 0.6600 98.4456 17.8808 472.9
2005 176 9:31:00 16.19 41.10 0.7174 0.6574 98.5968 18.2999 473.3
2005 176 9:32:00 16.32 40.90 0.7139 0.6548 99.2035 18.6827 473.6
2005 176 9:33:00 16.45 40.71 0.7104 0.6522 98.8997 19.0603 474.5
2005 176 9:34:00 16.58 40.51 0.7070 0.6495 100.4279 19.4624 475.1
2005 176 9:35:00 16.71 40.31 0.7035 0.6469 101.6668 19.7858 475.4
2005 176 9:36:00 16.83 40.11 0.7000 0.6442 100.4279 20.0332 476.0
2005 176 9:37:00 16.96 39.91 0.6965 0.6416 101.8227 20.1488 476.3
2005 176 9:38:00 17.08 39.71 0.6930 0.6389 100.4279 20.3644 475.9
2005 176 9:39:00 17.21 39.51 0.6895 0.6362 101.5112 20.5783 475.8
2005 176 9:40:00 17.34 39.31 0.6860 0.6334 101.8227 20.7907 476.3
2005 176 9:41:00 17.46 39.10 0.6825 0.6307 101.9788 20.9876 476.0
2005 176 9:42:00 17.58 38.90 0.6789 0.6280 101.5112 21.2251 476.3
2005 176 9:43:00 17.71 38.70 0.6754 0.6252 102.2918 21.3778 476.0
2005 176 9:44:00 17.83 38.49 0.6718 0.6224 101.8227 21.5849 476.2
2005 176 9:45:00 17.95 38.29 0.6683 0.6196 102.6056 21.8319 476.1
2005 176 9:46:00 18.07 38.09 0.6647 0.6168 102.6056 21.9821 476.3
2005 176 9:47:00 18.19 37.88 0.6611 0.6140 102.6056 22.1724 476.4
2005 176 9:48:00 18.31 37.67 0.6575 0.6112 102.4486 22.3485 476.2
2005 176 9:49:00 18.43 37.47 0.6539 0.6083 102.7629 22.5779 475.8
2005 176 9:50:00 18.55 37.26 0.6503 0.6055 102.7629 22.7661 475.8
2005 176 9:51:00 18.67 37.05 0.6467 0.6026 102.7629 22.9539 475.9
2005 176 9:52:00 18.79 36.85 0.6431 0.5997 102.4486 23.1413 475.9
2005 176 9:53:00 18.91 36.64 0.6395 0.5968 101.5112 23.3419 476.1
2005 176 9:54:00 19.03 36.43 0.6358 0.5938 103.3943 23.5290 475.9
2005 176 9:55:00 19.14 36.22 0.6322 0.5909 103.2361 23.7429 476.0
2005 176 9:56:00 19.26 36.01 0.6285 0.5879 103.2361 23.9436 476.5
2005 176 9:57:00 19.37 35.80 0.6248 0.5850 103.8703 24.1581 476.6
2005 176 9:58:00 19.49 35.59 0.6212 0.5820 103.5527 24.3464 476.6
2005 176 9:59:00 19.60 35.38 0.6175 0.5790 103.5527 24.5217 477.0
2005 176 10:00:00 19.72 35.17 0.6138 0.5760 104.3484 24.7114 477.1
2005 176 10:01:00 19.83 34.96 0.6101 0.5729 104.1888 24.9021 477.3
2005 176 10:02:00 19.94 34.74 0.6064 0.5699 104.5082 25.1076 477.9
2005 176 10:03:00 20.05 34.53 0.6027 0.5668 104.1888 25.3425 477.7
2005 176 10:04:00 20.16 34.32 0.5989 0.5638 104.3484 25.4957 477.7
2005 176 10:05:00 20.27 34.10 0.5952 0.5607 103.7114 25.6359 477.6
2005 176 10:06:00 20.38 33.89 0.5914 0.5576 104.3484 25.7770 477.4
2005 176 10:07:00 20.49 33.67 0.5877 0.5544 104.1888 25.9335 477.5
2005 176 10:08:00 20.60 33.46 0.5839 0.5513 102.6056 26.0913 477.4
2005 176 10:09:00 20.71 33.24 0.5801 0.5481 104.9891 26.3088 477.5
2005 176 10:10:00 20.82 33.02 0.5764 0.5450 104.8285 26.4555 477.6
IN RADIAN IN RADIAN
Ext. Vertical 
Illuminance (klux)
Weather station data
Year
Julian 
Day
Day / Time Altitude 
Deg (0-N)
Ext. Global 
Illuminance (klux)
Solar 
Radiation
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Table A1.2:  Calculated clearness index 
Xtraterstial Radiation Clearness Index Diffuse Fraction
711.0481 0.6590 0.4688
713.4783 0.6566 0.4697
715.9073 0.6544 0.4705
718.3349 0.6526 0.4711
720.7610 0.6510 0.4717
723.1857 0.6488 0.4725
725.6088 0.6468 0.4732
728.0303 0.6443 0.4741
730.4501 0.6428 0.4747
732.8682 0.6408 0.4754
735.2845 0.6387 0.4762
737.6990 0.6367 0.4769
740.1115 0.6342 0.4778
742.5220 0.6327 0.4783
744.9304 0.6315 0.4788
747.3368 0.6300 0.4794
749.7409 0.6278 0.4802
752.1428 0.6258 0.4809
754.5423 0.6242 0.4815
756.9394 0.6225 0.4821
759.3340 0.6205 0.4829
761.7261 0.6191 0.4834
764.1155 0.6174 0.4841
766.5023 0.6162 0.4845
768.8862 0.6141 0.4853
771.2673 0.6121 0.4861
773.6454 0.6110 0.4865
776.0206 0.6093 0.4872
778.3926 0.6071 0.4880
780.7614 0.6054 0.4887
783.1270 0.6039 0.4893
785.4892 0.6026 0.4898
787.8479 0.6011 0.4903
790.2032 0.6005 0.4906
792.5548 0.5995 0.4910
794.9028 0.5981 0.4915
797.2470 0.5971 0.4919
799.5872 0.5957 0.4925
801.9236 0.5934 0.4933
804.2558 0.5916 0.4941
806.5839 0.5905 0.4945
808.9078 0.5884 0.4953
811.2273 0.5871 0.4958
813.5424 0.5851 0.4967
815.8530 0.5837 0.4972
818.1589 0.5819 0.4979
820.4601 0.5805 0.4985
822.7565 0.5790 0.4991
825.0479 0.5772 0.4999
827.3343 0.5751 0.5007
829.6156 0.5735 0.5013
831.8916 0.5721 0.5019
834.1623 0.5705 0.5026
836.4275 0.5692 0.5031
838.6872 0.5674 0.5038
840.9413 0.5660 0.5044
843.1895 0.5651 0.5048
845.4319 0.5637 0.5054
847.6683 0.5622 0.5060
849.8986 0.5612 0.5064
852.1226 0.5599 0.5070
854.3404 0.5587 0.5075
856.5517 0.5579 0.5078
858.7564 0.5563 0.5085
860.9545 0.5548 0.5091
863.1458 0.5533 0.5097
865.3301 0.5517 0.5104
867.5075 0.5504 0.5110
869.6777 0.5489 0.5116
871.8406 0.5477 0.5121
873.9962 0.5465 0.5127
Kt=(GLB_RAD / 
Xtraterstal)
d=0.029+(0.937/(1+(
kt/0.583)))
y=(1353*(1+(0.33*COS((360*JUL_DAY)/365)))*C
OS(SOL_ZEN*6.2832/360))
Clearness index
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Table A1.3:  In-situ i lluminance measurements in the test rooms  
Position Position Position Position Position Position Position Position Position Position Position Position
B_2 B_4 B_6 L_2 L_4 L_6 B_2 B_4 B_6 L_2 L_4 L_6
1552.0 403.8 151.7 1607.0 507.7 207.1 4539 4121 4147 4216 4313 4176
1566.0 407.0 152.8 1604.0 510.7 208.2 4549 4129 4155 4229 4323 4185
1579.0 409.7 153.8 1599.0 513.0 209.0 4560 4136 4162 4241 4330 4192
1596.0 411.9 154.6 1586.0 514.7 209.6 4563 4144 4169 4257 4339 4200
1680.0 414.3 155.6 1560.0 516.5 210.3 4398 4154 4176 4279 4347 4208
1624.0 417.5 156.9 1522.0 519.4 211.3 3856 4165 4183 4304 4357 4217
1654.0 420.5 158.3 1479.0 521.4 212.0 3364 4174 4188 4325 4365 4225
1667.0 423.4 159.5 1446.0 523.5 212.8 3420 4182 4191 4345 4372 4231
1641.0 426.5 160.8 1423.0 525.7 213.6 3809 4191 4196 4365 4381 4238
1677.0 429.4 162.1 1408.0 527.9 214.4 4281 4200 4201 4385 4389 4246
1728.0 432.2 163.2 1398.0 529.3 214.9 4612 4209 4206 4402 4396 4253
1714.0 435.5 164.5 1393.0 530.7 215.4 4671 4218 4211 4416 4404 4260
1726.0 438.8 165.7 1393.0 532.4 216.1 4679 4227 4217 4430 4413 4268
1738.0 442.0 166.8 1394.0 533.9 216.7 4687 4236 4223 4442 4422 4275
1745.0 445.1 168.0 1397.0 535.2 217.2 4694 4245 4230 4455 4431 4283
1750.0 448.2 169.1 1401.0 537.0 217.8 4702 4254 4235 4469 4439 4291
1755.0 451.0 170.1 1402.0 538.3 218.3 4709 4262 4241 4482 4447 4298
1764.0 454.0 171.1 1403.0 539.4 218.7 4716 4270 4246 4496 4455 4305
1775.0 457.3 172.3 1404.0 540.8 219.3 4724 4278 4250 4510 4462 4311
1785.0 460.5 173.4 1406.0 542.1 219.7 4730 4285 4253 4520 4469 4318
1796.0 464.0 174.7 1411.0 543.8 220.3 4739 4294 4258 4530 4478 4325
1806.0 467.1 175.8 1414.0 545.1 220.8 4746 4302 4263 4540 4484 4330
1816.0 470.2 176.9 1417.0 546.6 221.2 4755 4311 4268 4552 4491 4337
1827.0 473.7 178.1 1420.0 548.6 221.8 4761 4318 4272 4562 4496 4341
1839.0 477.2 179.3 1422.0 550.5 222.4 4769 4326 4277 4572 4503 4347
1848.0 479.9 180.3 1421.0 551.5 222.7 4777 4333 4281 4582 4508 4352
1859.0 483.2 181.5 1422.0 553.1 223.2 4785 4342 4286 4593 4516 4358
1870.0 486.4 182.7 1420.0 554.5 223.6 4792 4350 4291 4602 4521 4364
1882.0 489.8 183.9 1420.0 556.0 224.1 4800 4359 4297 4611 4528 4369
1892.0 492.6 184.8 1419.0 557.0 224.3 4807 4367 4303 4620 4534 4375
1901.0 495.2 185.5 1418.0 557.9 224.5 4814 4375 4311 4628 4541 4380
1911.0 498.0 186.2 1419.0 559.1 224.8 4822 4383 4321 4637 4548 4386
1921.0 500.7 186.9 1421.0 559.9 225.1 4831 4392 4331 4644 4554 4392
1930.0 503.2 187.5 1422.0 560.3 225.2 4837 4399 4339 4652 4560 4397
1941.0 506.0 188.3 1424.0 561.1 225.4 4845 4407 4348 4660 4566 4402
1952.0 509.1 189.1 1426.0 561.6 225.6 4853 4415 4356 4668 4573 4409
1960.0 511.2 189.7 1426.0 560.9 225.4 4859 4421 4364 4675 4579 4414
1970.0 513.8 190.4 1426.0 560.9 225.4 4868 4430 4373 4683 4586 4420
1979.0 516.3 191.1 1426.0 560.7 225.5 4877 4438 4383 4691 4591 4425
1988.0 518.7 191.6 1424.0 560.3 225.4 4885 4447 4393 4697 4596 4431
1995.0 520.8 192.1 1420.0 559.2 225.1 4891 4455 4402 4703 4601 4436
2003.0 523.2 192.6 1417.0 558.4 224.9 4899 4463 4412 4710 4607 4441
2010.0 525.1 192.9 1413.0 557.5 224.7 4906 4471 4420 4715 4613 4446
2018.0 527.0 193.1 1411.0 557.3 224.6 4914 4480 4430 4722 4619 4453
2025.0 528.9 193.3 1410.0 556.9 224.5 4923 4491 4441 4729 4626 4459
2032.0 530.0 193.5 1408.0 556.5 224.4 4930 4502 4451 4735 4632 4465
2038.0 531.6 193.7 1407.0 556.2 224.4 4938 4508 4461 4741 4638 4471
2044.0 534.6 194.1 1405.0 556.0 224.4 4946 4517 4469 4746 4643 4475
2052.0 536.6 194.7 1405.0 556.2 224.6 4953 4528 4478 4752 4650 4481
2061.0 537.7 195.3 1406.0 556.5 224.7 4963 4536 4487 4760 4657 4488
2068.0 538.4 195.8 1404.0 556.1 224.6 4970 4542 4495 4766 4663 4494
2076.0 540.4 196.4 1404.0 556.0 224.6 4978 4549 4503 4772 4670 4500
2084.0 542.7 197.1 1404.0 555.8 224.6 4984 4555 4508 4777 4676 4506
2092.0 545.3 197.9 1403.0 555.6 224.5 4991 4562 4514 4783 4681 4511
2101.0 548.0 198.8 1403.0 555.8 224.6 4999 4569 4521 4789 4687 4516
2107.0 549.0 199.2 1403.0 555.4 224.6 5005 4576 4527 4794 4693 4521
2113.0 550.2 199.7 1402.0 554.8 224.5 5014 4584 4533 4801 4700 4528
2120.0 551.4 200.1 1401.0 554.0 224.2 5022 4592 4540 4807 4707 4534
2125.0 552.8 200.6 1400.0 553.1 224.0 5029 4599 4546 4812 4712 4538
2132.0 554.9 201.4 1400.0 552.7 223.8 5036 4607 4551 4818 4717 4543
2133.0 555.5 201.6 1396.0 550.5 223.1 5039 4611 4554 4819 4719 4544
2140.0 557.8 202.4 1396.0 550.2 223.1 5045 4617 4559 4825 4724 4549
2146.0 559.8 203.1 1396.0 549.8 223.1 5052 4624 4564 4830 4730 4554
2151.0 561.4 203.9 1395.0 548.9 222.9 5058 4630 4568 4834 4734 4558
2151.0 561.7 204.2 1391.0 546.9 222.4 5062 4633 4571 4837 4738 4561
2157.0 564.1 205.1 1391.0 546.7 222.5 5068 4638 4575 4841 4742 4565
2161.0 565.9 205.9 1389.0 545.8 222.3 5074 4643 4578 4846 4746 4568
2168.0 568.2 206.8 1390.0 545.5 222.5 5081 4650 4583 4852 4752 4573
2178.0 571.9 208.2 1391.0 545.7 222.9 5089 4658 4589 4858 4758 4579
2182.0 573.7 208.9 1389.0 544.6 222.7 5094 4663 4592 4862 4761 4581
2186.0 575.8 209.8 1387.0 543.8 222.7 5100 4669 4596 4866 4765 4584
Indoor Illuminance  (lux) Colour Temperature (k)
In-situ measurements
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Table A1.4:  Correlation formulas substituted for regression study 
Ext Vert vs B2 (PM) Ext Glob vs B2 (PM) Rad vs B2 (PM) KT vs B2 (PM) SIN AZM_RAD vs B2 ALT vs B2
2936.4648 311.1283 2849.3309 2794548.91 1562.8603 758.20
2975.8198 320.8470 2839.2050 2859979.15 1576.4184 768.26
3007.8651 329.3388 2839.2050 2919577.80 1589.8408 778.31
3098.6410 342.0573 2869.6848 2966510.48 1603.1270 788.35
3132.6424 350.1285 2910.8032 3008644.53 1616.2762 798.39
3149.8467 361.9756 2910.8032 3063455.57 1629.2876 808.41
3274.1912 376.0282 2921.1690 3113187.92 1642.1607 818.43
3311.0151 388.4900 2900.4720 3171133.66 1654.8947 828.44
3320.3137 400.1335 2942.0048 3208152.23 1667.4892 838.44
3376.8965 414.6832 2952.4750 3253462.04 1679.9436 848.43
3454.4983 428.0612 2952.4750 3300366.92 1692.2572 858.41
3484.2512 440.9544 2962.9802 3342835.95 1704.4297 868.39
3534.6493 455.9509 2931.5695 3395262.90 1716.4605 878.35
3514.3675 468.3430 2973.5206 3426585.63 1728.3491 888.30
3596.4915 482.6188 3037.5066 3451689.11 1740.0953 898.24
3649.1915 495.6276 3080.8807 3481477.68 1751.6985 908.17
3670.5737 510.4833 3069.9829 3523285.34 1763.1585 918.08
3768.9837 522.0314 3069.9829 3561142.95 1774.4749 927.99
3791.3487 536.6870 3102.7854 3590490.87 1785.6475 937.87
3848.0698 548.0775 3124.8365 3621341.76 1796.6760 947.75
3882.6651 560.0247 3124.8365 3655810.67 1807.5602 957.60
3917.6895 571.2700 3169.3813 3680213.45 1818.2999 967.44
3941.2804 582.4432 3191.8768 3708281.74 1828.8950 977.26
3965.0662 595.3861 3248.7743 3729125.10 1839.3453 987.06
4074.5632 608.8364 3237.3191 3761797.60 1849.6509 996.85
4086.9826 621.5691 3225.9018 3793254.74 1859.8117 1006.61
4074.5632 634.1961 3294.9772 3810024.01 1869.8276 1016.34
4074.5632 646.7151 3306.6241 3835845.98 1879.6988 1026.06
4253.2014 660.8876 3283.3689 3866250.03 1889.4252 1035.75
4149.8559 674.9136 3294.9772 3890157.27 1899.0070 1045.41
4162.5875 689.9402 3318.3097 3911518.90 1908.4444 1055.05
4175.3719 705.3568 3365.4413 3928838.31 1917.7375 1064.65
4227.0427 719.4592 3401.2022 3947269.41 1926.8865 1074.23
4201.1002 733.3957 3510.6402 3955573.11 1935.8918 1083.78
4332.9941 748.2615 3585.4286 3968419.08 1944.7536 1093.30
4442.5306 760.2334 3623.3820 3985517.73 1953.4722 1102.78
4332.9941 769.3994 3700.4247 3997600.98 1962.0480 1112.22
4456.4811 773.6875 3739.5209 4013734.17 1970.4815 1121.64
4332.9941 781.6850 3687.4782 4039140.54 1978.7731 1131.01
4428.6380 789.6278 3674.5743 4059328.52 1986.9232 1140.35
4456.4811 797.5175 3739.5209 4070894.63 1994.9324 1149.65
4470.4900 804.8347 3700.4247 4092202.26 2002.8012 1158.91
4428.6380 813.6621 3739.5209 4105276.76 2010.5303 1168.12
4498.6837 819.3414 3700.4247 4124895.86 2018.1203 1177.30
4456.4811 827.0469 3726.4459 4137986.82 2025.5718 1186.43
4527.1138 836.2375 3713.4138 4153813.47 2032.8856 1195.51
4527.1138 841.8258 3739.5209 4165814.29 2040.0625 1204.55
4527.1138 848.9098 3752.6391 4178346.04 2047.1032 1213.55
4512.8691 855.4613 3726.4459 4193219.16 2054.0085 1222.49
4541.4182 863.9945 3674.5743 4209142.17 2060.7793 1231.39
4541.4182 870.9962 3674.5743 4220708.30 2067.4164 1240.24
4541.4182 877.9783 3687.4782 4230893.77 2073.9210 1249.04
4512.8691 884.9445 3687.4782 4241405.84 2080.2938 1257.79
4428.6380 892.3946 3713.4138 4249877.43 2086.5359 1266.48
4599.2372 899.3397 3687.4782 4260875.22 2092.6484 1275.13
4584.6917 907.2722 3700.4247 4269174.20 2098.6322 1283.72
4584.6917 914.7100 3765.8005 4274407.58 2104.4886 1292.26
4643.2406 922.6510 3779.0052 4282011.17 2110.2187 1300.74
4613.8437 929.6112 3779.0052 4289826.19 2115.8236 1309.17
4613.8437 936.0884 3832.2609 4294886.87 2121.3045 1317.55
4687.8001 943.0840 3845.6846 4301398.62 2126.6628 1325.87
4672.8847 950.1055 3872.6648 4307021.32 2131.8996 1334.13
4702.7782 957.6633 3954.6768 4310317.71 2137.0163 1342.34
4672.8847 966.2809 3927.1597 4317377.76 2142.0141 1350.50
4687.8001 971.8909 3927.1597 4323029.84 2146.8946 1358.60
4628.5114 977.0168 3913.4688 4328722.85 2151.6590 1366.64
4687.8001 982.1697 3886.2215 4334378.78 2156.3087 1374.62
4672.8847 987.8715 3899.8228 4338488.72 2160.8453 1382.55
4527.1138 993.6113 3886.2215 4342975.79 2165.2702 1390.43
4748.0908 1001.5050 3899.8228 4346461.57 2169.5848 1398.24
4732.9232 1006.8134 3913.4688 4349673.01 2173.7908 1406.01
Correlation equations substituted for regression study
y = 0.0032x3 - 
0.2019x2 + 31.193x - 
4.5927
y = 2E-05x5 - 0.003x4 + 
0.1534x3 - 3.5408x2 + 
74.621x - 119.13
y = 8E-42x16.681
y = 1E+08x6 - 4E+08x5 + 
5E+08x4 - 4E+08x3 + 
2E+08x2 - 4E+07x + 
4E+06
y = -4314.2x6 - 2956x5 + 
1431.5x4 + 2008.7x3 - 
1640.9x2 + 312.6x + 
2294.5
y = 3E-05x6 - 0.0024x5 + 
0.0728x4 - 1.04x3 + 
7.1993x2 + 47.368x - 
48.441
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Table A1.5: Prediction formula output and comparison 
Differences
Ext Vert vs B2 SIN AZM_RAD vs B2 ALT vs B2
52.6927 1516.5864 26.9412 1596.2 1552.0 44.2 2.8% Good
53.3989 1529.7430 27.2986 1610.4 1566.0 44.4 2.8% Good
53.9739 1542.7681 27.6558 1624.4 1579.0 45.4 2.9% Good
55.6028 1555.6609 28.0126 1639.3 1596.0 43.3 2.7% Good
56.2130 1568.4207 28.3691 1653.0 1680.0 -27.0 1.6% Good
56.5217 1581.0469 28.7254 1666.3 1624.0 42.3 2.6% Good
58.7530 1593.5388 29.0813 1681.4 1654.0 27.4 1.7% Good
59.4137 1605.8959 29.4370 1694.7 1667.0 27.7 1.7% Good
59.5806 1618.1175 29.7923 1707.5 1641.0 66.5 4.1% Good
60.5959 1630.2030 30.1474 1720.9 1677.0 43.9 2.6% Good
61.9884 1642.1521 30.5021 1734.6 1728.0 6.6 0.4% Good
62.5223 1653.9641 30.8564 1747.3 1714.0 33.3 1.9% Good
63.4267 1665.6387 31.2104 1760.3 1726.0 34.3 2.0% Good
63.0628 1677.1754 31.5640 1771.8 1738.0 33.8 1.9% Good
64.5364 1688.5737 31.9173 1785.0 1745.0 40.0 2.3% Good
65.4821 1699.8334 32.2700 1797.6 1750.0 47.6 2.7% Good
65.8658 1710.9541 32.6224 1809.4 1755.0 54.4 3.1% Good
67.6317 1721.9354 32.9742 1822.5 1764.0 58.5 3.3% Good
68.0330 1732.7772 33.3256 1834.1 1775.0 59.1 3.3% Good
69.0508 1743.4792 33.6764 1846.2 1785.0 61.2 3.4% Good
69.6716 1754.0411 34.0266 1857.7 1796.0 61.7 3.4% Good
70.3001 1764.4628 34.3762 1869.1 1806.0 63.1 3.5% Good
70.7234 1774.7442 34.7252 1880.2 1816.0 64.2 3.5% Good
71.1502 1784.8852 35.0735 1891.1 1827.0 64.1 3.5% Good
73.1151 1794.8856 35.4210 1903.4 1839.0 64.4 3.5% Good
73.3379 1804.7455 35.7678 1913.9 1848.0 65.9 3.6% Good
73.1151 1814.4649 36.1139 1923.7 1859.0 64.7 3.5% Good
73.1151 1824.0438 36.4590 1933.6 1870.0 63.6 3.4% Good
76.3206 1833.4822 36.8033 1946.6 1882.0 64.6 3.4% Good
74.4661 1842.7804 37.1467 1954.4 1892.0 62.4 3.3% Good
74.6946 1851.9383 37.4891 1964.1 1901.0 63.1 3.3% Good
74.9240 1860.9563 37.8305 1973.7 1911.0 62.7 3.3% Good
75.8512 1869.8344 38.1708 1983.9 1921.0 62.9 3.3% Good
75.3857 1878.5730 38.5101 1992.5 1930.0 62.5 3.2% Good
77.7524 1887.1724 38.8482 2003.8 1941.0 62.8 3.2% Good
79.7180 1895.6329 39.1851 2014.5 1952.0 62.5 3.2% Good
77.7524 1903.9548 39.5208 2021.2 1960.0 61.2 3.1% Good
79.9683 1912.1386 39.8553 2032.0 1970.0 62.0 3.1% Good
77.7524 1920.1846 40.1884 2038.1 1979.0 59.1 3.0% Good
79.4687 1928.0934 40.5202 2048.1 1988.0 60.1 3.0% Good
79.9683 1935.8655 40.8506 2056.7 1995.0 61.7 3.1% Good
80.2197 1943.5014 41.1795 2064.9 2003.0 61.9 3.1% Good
79.4687 1951.0016 41.5070 2072.0 2010.0 62.0 3.1% Good
80.7256 1958.3669 41.8330 2080.9 2018.0 62.9 3.1% Good
79.9683 1965.5978 42.1574 2087.7 2025.0 62.7 3.1% Good
81.2358 1972.6950 42.4802 2096.4 2032.0 64.4 3.2% Good
81.2358 1979.6594 42.8015 2103.7 2038.0 65.7 3.2% Good
81.2358 1986.4916 43.1210 2110.8 2044.0 66.8 3.3% Good
80.9801 1993.1924 43.4389 2117.6 2052.0 65.6 3.2% Good
81.4924 1999.7628 43.7551 2125.0 2061.0 64.0 3.1% Good
81.4924 2006.2034 44.0695 2131.8 2068.0 63.8 3.1% Good
81.4924 2012.5154 44.3822 2138.4 2076.0 62.4 3.0% Good
80.9801 2018.6995 44.6930 2144.4 2084.0 60.4 2.9% Good
79.4687 2024.7568 45.0020 2149.2 2092.0 57.2 2.7% Good
82.5300 2030.6883 45.3092 2158.5 2101.0 57.5 2.7% Good
82.2689 2036.4950 45.6145 2164.4 2107.0 57.4 2.7% Good
82.2689 2042.1780 45.9179 2170.4 2113.0 57.4 2.7% Good
83.3196 2047.7384 46.2194 2177.3 2120.0 57.3 2.7% Good
82.7921 2053.1773 46.5190 2182.5 2125.0 57.5 2.7% Good
82.7921 2058.4960 46.8166 2188.1 2132.0 56.1 2.6% Good
84.1191 2063.6956 47.1123 2194.9 2133.0 61.9 2.9% Good
83.8515 2068.7773 47.4060 2200.0 2140.0 60.0 2.8% Good
84.3879 2073.7425 47.6977 2205.8 2146.0 59.8 2.8% Good
83.8515 2078.5924 47.9874 2210.4 2151.0 59.4 2.8% Good
84.1191 2083.3283 48.2752 2215.7 2151.0 64.7 3.0% Good
83.0553 2087.9517 48.5609 2219.6 2157.0 62.6 2.9% Good
84.1191 2092.4637 48.8447 2225.4 2161.0 64.4 3.0% Good
83.8515 2096.8660 49.1264 2229.8 2168.0 61.8 2.9% Good
81.2358 2101.1599 49.4062 2231.8 2178.0 53.8 2.5% Good
85.2010 2105.3468 49.6840 2240.2 2182.0 58.2 2.7% Good
84.9288 2109.4282 49.9598 2244.3 2186.0 58.3 2.7% Good
Measured 
Illuminance @ 
Position B2
Predicted 
Error <10% = 
Good
% of 
error
Formula 
Predicted 
Illuminance
Formula 
Component X1
Formula Component 
X2
Formula 
Component X3 Predicted vs 
Measurement
Prediction formula output and comparison
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A1.2 Data organization for Position B2 under overcast sky conditions 
Table A1.6: Weather station data 
Azimuth AZM_RAD SIN(AZM_RAD)
W/m2
2005 184 09:00:58 12.06 47.55 0.8299 0.7379 3.4141 12.5048 423.3
2005 184 09:01:58 12.21 47.37 0.8267 0.7357 3.1659 12.7502 423.8
2005 184 09:02:57 12.35 47.18 0.8235 0.7335 3.2145 12.8377 423.4
2005 184 09:03:57 12.49 47.00 0.8203 0.7313 3.4012 12.6451 423.3
2005 184 09:04:59 12.64 46.82 0.8171 0.7292 3.3188 12.2239 422.2
2005 184 09:05:58 12.78 46.63 0.8139 0.7269 3.2904 11.8915 421.3
2005 184 09:06:58 12.92 46.45 0.8106 0.7247 3.2446 11.7472 420.5
2005 184 09:07:57 13.07 46.26 0.8074 0.7225 3.2710 11.6011 420.3
2005 184 09:08:57 13.21 46.07 0.8041 0.7202 3.1099 11.5623 419
2005 184 09:09:58 13.35 45.89 0.8009 0.7180 3.0412 11.9496 419.8
2005 184 09:10:58 13.49 45.70 0.7976 0.7157 3.0307 12.5399 421.5
2005 184 09:11:58 13.63 45.51 0.7943 0.7134 3.1703 13.0823 422.3
2005 184 09:12:57 13.77 45.32 0.7911 0.7111 3.1616 13.5869 423.9
2005 184 09:13:57 13.91 45.14 0.7878 0.7088 3.2049 13.8984 424.9
2005 184 09:14:58 14.05 44.95 0.7845 0.7065 3.1407 13.8293 424.2
2005 184 09:15:58 14.19 44.76 0.7812 0.7041 3.2271 13.5001 424.4
2005 184 09:16:58 14.33 44.57 0.7779 0.7018 3.1954 13.2218 423
2005 184 09:17:57 14.47 44.38 0.7745 0.6994 3.2710 13.2218 422.8
2005 184 09:18:59 14.60 44.19 0.7712 0.6970 3.3016 13.3959 423.2
2005 184 09:19:58 14.74 44.00 0.7679 0.6946 3.5090 13.6736 423.4
2005 184 09:20:58 14.88 43.80 0.7645 0.6922 3.3515 13.7948 424.5
2005 184 09:21:57 15.01 43.61 0.7612 0.6898 3.2550 13.8293 423.8
2005 184 09:22:57 15.15 43.42 0.7578 0.6873 3.2097 13.7602 424.1
2005 184 09:23:59 15.28 43.23 0.7544 0.6849 3.2794 13.7948 423.1
2005 184 09:24:58 15.42 43.03 0.7510 0.6824 3.1429 14.0020 424
2005 184 09:25:58 15.55 42.84 0.7477 0.6799 3.2874 14.4315 424.5
2005 184 09:26:57 15.68 42.64 0.7443 0.6774 3.1954 14.7897 425.4
2005 184 09:27:57 15.82 42.45 0.7408 0.6749 3.1976 15.0779 426.2
2005 184 09:28:57 15.95 42.25 0.7374 0.6724 3.4710 15.4482 426.8
2005 184 09:29:58 16.08 42.06 0.7340 0.6699 3.4041 15.8319 427.5
2005 184 09:30:58 16.21 41.86 0.7306 0.6673 3.3914 16.1791 428.7
2005 184 09:31:57 16.34 41.66 0.7271 0.6647 3.3885 16.3270 428.3
2005 184 09:32:57 16.47 41.46 0.7237 0.6621 3.4404 16.3433 428.9
2005 184 09:33:58 16.60 41.27 0.7202 0.6596 3.7818 16.1956 428.2
2005 184 09:34:58 16.73 41.07 0.7168 0.6569 3.4917 15.9976 427.2
2005 184 09:35:57 16.86 40.87 0.7133 0.6543 3.4077 15.9811 426.9
2005 184 09:36:57 16.99 40.67 0.7098 0.6517 3.3543 16.0307 427.2
2005 184 09:37:57 17.12 40.47 0.7063 0.6490 3.3978 16.2942 428.3
2005 184 09:38:59 17.25 40.27 0.7028 0.6464 3.6787 16.7668 429.1
2005 184 09:39:58 17.37 40.07 0.6993 0.6437 4.0385 17.3923 430.5
2005 184 09:40:58 17.50 39.86 0.6958 0.6410 3.8729 18.0368 431.9
2005 184 09:41:57 17.63 39.66 0.6922 0.6383 4.0523 18.4996 432.6
2005 184 09:42:57 17.75 39.46 0.6887 0.6355 3.8292 18.8041 433.1
2005 184 09:43:59 17.88 39.26 0.6852 0.6328 4.0523 19.0302 433.5
2005 184 09:44:58 18.00 39.05 0.6816 0.6300 4.1642 19.2546 433.9
2005 184 09:45:58 18.12 38.85 0.6780 0.6273 4.1099 19.3587 434.2
2005 184 09:46:57 18.25 38.64 0.6745 0.6245 4.0958 19.5362 434.5
2005 184 09:47:57 18.37 38.44 0.6709 0.6217 4.0575 19.7858 434.4
2005 184 09:48:58 18.49 38.23 0.6673 0.6189 4.8065 20.0332 435.2
2005 184 09:49:58 18.61 38.03 0.6637 0.6160 4.3264 20.1776 435.7
2005 184 09:50:58 18.73 37.82 0.6601 0.6132 4.9419 20.4501 435.7
2005 184 09:51:57 18.85 37.61 0.6565 0.6103 4.2805 20.9175 436.5
2005 184 09:52:57 18.97 37.40 0.6528 0.6074 4.3472 21.6537 438.2
2005 184 09:53:59 19.09 37.20 0.6492 0.6046 4.8117 22.3350 439.1
2005 184 09:54:58 19.21 36.99 0.6456 0.6016 5.0551 22.7124 440
2005 184 09:55:58 19.33 36.78 0.6419 0.5987 5.1347 22.9271 440.6
2005 184 09:56:57 19.45 36.57 0.6382 0.5958 5.2018 23.1949 441
2005 184 09:57:57 19.56 36.36 0.6346 0.5928 5.5900 23.5557 441.3
2005 184 09:58:58 19.68 36.15 0.6309 0.5899 5.8131 23.7964 441.7
2005 184 09:59:58 19.80 35.94 0.6272 0.5869 5.8930 23.7696 441.6
2005 184 10:00:57 19.91 35.72 0.6235 0.5839 6.0079 23.5023 441
Weather station data
Year
Julian 
Day
Day / Time Altitude 
Ext. Vertical 
Illuminance 
(klux)
Ext. Global 
Illuminance 
(klux)
Solar 
Radiation
Deg (0-N)
IN RADIAN IN RADIAN
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Table A1.7:  Calculated clearness index 
Xtraterstial Radiation Clearness Index Diffuse Fraction
1137.1818 0.3722 0.6009
1141.1449 0.3714 0.6014
1145.1062 0.3697 0.6024
1149.0655 0.3684 0.6032
1153.0227 0.3662 0.6045
1156.9777 0.3641 0.6058
1160.9306 0.3622 0.6069
1164.8811 0.3608 0.6078
1168.8291 0.3585 0.6092
1172.7746 0.3580 0.6095
1176.7175 0.3582 0.6094
1180.6576 0.3577 0.6097
1184.5949 0.3578 0.6096
1188.5293 0.3575 0.6098
1192.4605 0.3557 0.6109
1196.3887 0.3547 0.6115
1200.3135 0.3524 0.6130
1204.2350 0.3511 0.6138
1208.1530 0.3503 0.6143
1212.0674 0.3493 0.6149
1215.9780 0.3491 0.6151
1219.8848 0.3474 0.6161
1223.7877 0.3465 0.6167
1227.6864 0.3446 0.6179
1231.5810 0.3443 0.6181
1235.4712 0.3436 0.6185
1239.3570 0.3432 0.6188
1243.2382 0.3428 0.6190
1247.1146 0.3422 0.6194
1250.9863 0.3417 0.6197
1254.8529 0.3416 0.6198
1258.7145 0.3403 0.6207
1262.5708 0.3397 0.6210
1266.4217 0.3381 0.6221
1270.2671 0.3363 0.6232
1274.1069 0.3351 0.6240
1277.9408 0.3343 0.6245
1281.7688 0.3341 0.6246
1285.5907 0.3338 0.6249
1289.4064 0.3339 0.6248
1293.2156 0.3340 0.6247
1297.0184 0.3335 0.6250
1300.8144 0.3329 0.6254
1304.6036 0.3323 0.6258
1308.3858 0.3316 0.6263
1312.1609 0.3309 0.6267
1315.9286 0.3302 0.6272
1319.6888 0.3292 0.6279
1323.4414 0.3288 0.6281
1327.1862 0.3283 0.6284
1330.9231 0.3274 0.6291
1334.6518 0.3271 0.6293
1338.3722 0.3274 0.6290
1342.0841 0.3272 0.6292
1345.7874 0.3269 0.6293
1349.4818 0.3265 0.6296
1353.1673 0.3259 0.6300
1356.8436 0.3252 0.6305
1360.5105 0.3247 0.6308
1364.1679 0.3237 0.6315
1367.8156 0.3224 0.6323
Clearness index
y=(1353*(1+(0.33*COS((360*JUL_DAY)/365)))*C
OS(SOL_ZEN*6.2832/360))
Kt=(GLB_RAD / 
Xtraterstal)
d=0.029+(0.937/(1+(
kt/0.583)))
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Table A1.8:  In-situ i lluminance measurements in the test rooms  
Position Position Position Position Position Position Position Position Position Position Position Position
B_2 B_4 B_6 L_2 L_4 L_6 B_2 B_4 B_6 L_2 L_4 L_6
113.7 29.2 12.8 63.4 27.5 13.6 5979 5461 5355 5437 5361 5100
115.3 29.7 12.9 64.4 27.9 13.8 5975 5455 5348 5433 5355 5094
117.5 30.2 13.2 65.4 28.3 14.0 5967 5445 5339 5430 5347 5085
119.5 30.7 13.4 66.4 28.7 14.2 5959 5435 5331 5433 5345 5083
117.8 30.3 13.3 66.4 28.6 14.2 5961 5433 5329 5442 5352 5087
113.8 29.3 13.0 65.9 28.2 14.1 5970 5435 5329 5449 5355 5087
110.8 28.5 12.7 65.2 27.8 14.0 5973 5436 5328 5450 5355 5085
106.9 27.3 12.3 61.8 27.2 13.8 5979 5442 5332 5255 5361 5087
103.2 26.2 12.0 63.4 26.8 13.7 5982 5448 5337 5456 5365 5089
102.9 26.0 11.9 63.5 26.7 13.7 5985 5455 5342 5442 5359 5085
105.9 26.6 12.2 64.0 26.9 13.8 5996 5467 5347 5431 5352 5078
109.4 27.5 12.5 64.5 27.3 14.0 6011 5476 5352 5424 5344 5071
111.5 27.3 12.8 64.5 27.7 14.1 6027 5280 5357 5424 5340 5067
112.9 29.1 13.1 63.9 28.0 14.3 6033 5484 5356 5429 5341 5068
113.7 29.8 13.3 62.8 28.2 14.3 6031 5481 5352 5438 5347 5073
113.8 30.0 13.4 62.0 28.2 14.3 6036 5482 5353 5451 5356 5080
113.6 30.0 13.4 62.0 28.2 14.3 6044 5485 5355 5463 5364 5086
113.5 29.9 13.4 62.8 28.2 14.3 6051 5486 5354 5472 5367 5088
113.5 29.7 13.3 62.0 28.3 14.4 6055 5486 5352 5282 5368 5088
114.4 29.6 13.3 66.0 28.4 14.5 6050 5483 5348 5476 5365 5085
116.1 29.8 13.4 67.5 28.6 14.5 6040 5478 5344 5473 5363 5085
117.3 29.9 13.4 65.6 28.7 14.6 6031 5473 5341 5269 5363 5086
117.1 29.9 13.4 68.2 28.7 14.6 6028 5472 5342 5474 5367 5091
116.3 29.7 13.4 68.0 28.8 14.6 6031 5473 5343 5477 5371 5094
117.0 29.8 13.4 68.1 28.9 14.7 6038 5476 5345 5479 5371 5095
119.5 30.3 13.6 68.9 29.3 14.9 6042 5478 5347 5478 5367 5094
122.0 30.8 13.8 70.0 29.6 15.0 6039 5475 5345 5473 5363 5091
123.3 31.1 14.0 70.9 29.9 15.2 6039 5473 5343 5468 5358 5087
124.0 31.4 14.1 71.6 30.3 15.4 6044 5475 5342 5464 5355 5084
125.9 30.8 14.3 72.3 30.9 15.6 6042 5278 5339 5458 5350 5080
129.7 32.8 14.7 73.9 31.7 15.9 6023 5463 5329 5447 5344 5074
133.4 33.6 14.9 75.8 32.4 16.2 6004 5453 5324 5440 5340 5073
136.1 34.2 15.1 77.3 32.9 16.4 5995 5449 5321 5442 5342 5075
138.3 34.7 15.3 78.6 33.4 16.6 5987 5445 5319 5445 5346 5080
139.9 35.0 15.5 79.6 33.8 16.8 5981 5444 5319 5447 5350 5084
141.1 35.3 15.6 80.6 34.2 17.0 5976 5444 5320 5446 5353 5087
142.2 35.5 15.7 81.6 34.6 17.2 5976 5445 5322 5446 5354 5089
143.3 35.9 15.8 82.7 35.0 17.4 5979 5447 5322 5443 5352 5087
145.1 36.4 16.1 84.0 35.7 17.8 5980 5446 5321 5435 5345 5080
148.4 37.4 16.5 85.8 36.5 18.2 5972 5439 5314 5420 5332 5069
152.5 38.5 16.9 87.8 37.4 18.7 5955 5425 5303 5404 5317 5057
156.2 39.5 17.4 89.5 38.2 19.1 5941 5414 5293 5391 5305 5048
158.7 40.3 17.7 90.8 38.8 19.4 5931 5405 5287 5381 5297 5041
160.5 40.8 18.0 91.7 39.3 19.6 5926 5400 5282 5375 5290 5035
162.0 41.3 18.2 92.3 39.8 19.9 5923 5396 5279 5371 5285 5031
163.2 41.6 18.3 92.9 40.2 20.0 5922 5393 5277 5370 5282 5028
164.7 41.9 18.4 93.9 40.7 20.3 5923 5391 5276 5366 5277 5025
168.1 42.7 18.8 95.6 41.4 20.6 5914 5385 5272 5358 5269 5019
172.6 43.7 19.2 97.8 42.1 21.0 5904 5380 5268 5351 5265 5014
176.1 44.4 19.5 99.9 42.8 21.3 5897 5378 5265 5345 5261 5010
178.9 45.1 19.8 102.0 43.5 21.6 5892 5376 5261 5332 5255 5005
183.2 46.2 20.3 104.2 44.4 22.1 5884 5368 5253 5319 5243 4994
191.3 48.3 21.1 107.1 45.6 22.7 5864 5352 5238 5302 5225 4980
202.3 50.9 22.1 111.0 47.0 23.4 5836 5331 5218 5286 5209 4967
211.5 53.1 23.0 114.3 48.3 24.0 5816 5314 5204 5279 5199 4958
217.1 54.6 23.5 117.0 49.5 24.5 5805 5301 5193 5274 5190 4951
221.7 55.8 24.0 119.5 50.5 25.0 5796 5290 5184 5269 5181 4943
227.0 57.0 24.5 122.5 51.7 25.6 5785 5278 5172 5261 5171 4933
233.3 58.2 25.0 125.9 52.7 26.1 5770 5267 5160 5252 5162 4924
237.1 58.6 25.3 128.5 53.3 26.3 5759 5260 5153 5248 5160 4921
234.9 57.9 25.0 129.3 53.2 26.3 5761 5262 5154 5250 5164 4923
Indoor Illuminance  (lux) Colour Temperature (k)
In-situ measurements
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Table A1.9:  Correlation formulas substituted for regression study 
Ext Vert vs B2 Ext Glob vs B2 Rad vs B2 KT vs B2 SIN AZM_RAD vs B2 ALT vs B2
103.8893 102.1727 112.8853 -154276.2101 74.5714 62.74
82.1951 104.1021 114.5771 -153316.3141 75.5204 64.29
86.5665 104.7980 113.2218 -151498.8912 76.4640 65.84
102.8018 103.2717 112.8853 -150002.9046 77.4024 67.39
95.7342 100.0014 109.2440 -147598.9096 78.3354 68.94
93.2663 97.4812 106.3456 -145436.1240 79.2631 70.47
89.2402 96.4020 103.8288 -143412.6188 80.1856 72.00
91.5658 95.3181 103.2082 -141963.2064 81.1028 73.51
77.0884 95.0321 99.2571 -139585.5438 82.0149 75.01
70.7142 97.9179 101.6717 -139057.2119 82.9218 76.48
69.7275 102.4466 106.9835 -139304.3122 83.8236 77.93
82.5910 106.7663 109.5705 -138783.2339 84.7202 79.36
81.8033 110.9375 114.9182 -138945.8536 85.6118 80.76
85.7046 113.5915 118.3814 -138601.2422 86.4984 82.12
79.9055 112.9974 115.9472 -136843.0489 87.3800 83.46
87.6848 110.2092 116.6380 -135857.3485 88.2567 84.76
84.8579 107.9042 111.8813 -133596.3104 89.1285 86.02
91.5658 107.9042 111.2165 -132337.8747 89.9954 87.24
94.2439 109.3402 112.5497 -131570.8329 90.8575 88.41
111.7850 111.6697 113.2218 -130659.4583 91.7149 89.55
98.5627 112.7013 116.9848 -130454.0449 92.5675 90.64
90.1600 112.9974 114.5771 -128877.8118 93.4155 91.69
86.1337 112.4058 115.6033 -128082.1207 94.2590 92.68
92.3019 112.7013 112.2150 -126335.4403 95.0979 93.63
80.1075 114.4873 115.2603 -126010.9268 95.9323 94.53
93.0020 118.2797 116.9848 -125399.4559 96.7623 95.38
84.8579 121.5394 120.1489 -125084.7350 97.5879 96.18
85.0490 124.2270 123.0273 -124702.2013 98.4093 96.92
108.6524 127.7684 125.2277 -124181.9965 99.2264 97.62
103.0480 131.5444 127.8405 -123739.2566 100.0394 98.26
101.9689 135.0552 132.4368 -123653.7578 100.8483 98.84
101.7251 136.5775 130.8880 -122453.2244 101.6531 99.37
106.0959 136.7473 133.2174 -121961.2358 102.4540 99.85
133.3061 135.2238 130.5035 -120589.9555 103.2510 100.28
110.3668 133.2089 126.7146 -119045.0764 104.0442 100.65
103.3442 133.0419 125.5979 -117992.4357 104.8337 100.96
98.7986 133.5434 126.7146 -117348.3046 105.6195 101.22
102.5071 136.2383 130.8880 -117231.5503 106.4017 101.43
125.3797 141.2049 134.0023 -116923.0508 107.1805 101.59
152.0045 148.0375 139.6170 -117004.4695 107.9557 101.69
140.1146 155.3876 145.4475 -117086.8425 108.7277 101.74
152.9681 160.8596 148.4461 -116722.1011 109.4963 101.74
136.8722 164.5461 150.6226 -116235.3103 110.2618 101.69
152.9681 167.3292 152.3850 -115692.1485 111.0242 101.59
160.6366 170.1270 154.1663 -115156.4071 111.7835 101.43
156.9500 171.4373 155.5149 -114566.1355 112.5399 101.23
155.9838 173.6901 156.8743 -113984.1041 113.2934 100.98
153.3297 176.8952 156.4199 -113167.3679 114.0441 100.68
199.5957 180.1152 160.0889 -112904.5627 114.7921 100.34
171.2690 182.0160 162.4220 -112465.6939 115.5375 99.95
206.7750 185.6402 162.4220 -111735.9872 116.2804 99.51
168.3130 191.9731 166.2203 -111487.6980 117.0208 99.03
172.5942 202.2430 174.5646 -111772.1871 117.7589 98.51
199.8815 212.0536 179.1366 -111586.9681 118.4946 97.94
212.5191 217.6094 183.8187 -111404.7655 119.2282 97.33
216.4175 220.8079 187.0024 -111051.2809 119.9596 96.68
219.6141 224.8337 189.1530 -110587.3764 120.6890 95.99
236.5981 230.3242 190.7808 -110072.6942 121.4164 95.26
245.2449 234.0253 192.9714 -109621.9187 122.1420 94.49
248.1553 233.6123 192.4216 -108896.1477 122.8657 93.69
252.1697 229.5063 189.1530 -107903.7991 123.5877 92.84
Correlation equations substituted for regression study
y = 9E-32x12.601
y = 1E+07x5 - 3E+07x4 + 
2E+07x3 - 7E+06x2 + 
1E+06x - 83634
y = -752.76x6 + 191.25x5 
+ 712.51x4 - 256.04x3 - 
371.94x2 + 84.353x + 
186.14
y = -6E-05x6 + 0.0056x5 - 
0.2065x4 + 3.7271x3 - 
33.569x2 + 142.46x - 
186.24
y = 0.6153x3 - 
18.384x2 + 188.38x - 
349.46
y = 3E-05x5 - 0.0033x4 
+ 0.138x3 - 2.4098x2 + 
25.474x - 37.879
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Table A1.10: Prediction formula output and comparison 
 
Differences
Ext Vert vs B2 Ext Glob vs B2 Rad vs B2 KT vs B2 ALT vs B2
37.4173 36.1851 33.6079 -26.8352 1.1953 17.5326 99.1 113.7 -14.6 12.8% Good
29.6038 36.8684 34.1116 -26.6682 1.2247 17.5326 92.7 115.3 -22.6 19.6%  
31.1782 37.1149 33.7081 -26.3521 1.2543 17.5326 94.4 117.5 -23.1 19.6%  
37.0256 36.5743 33.6079 -26.0919 1.2838 17.5326 99.9 119.5 -19.6 16.4%  
34.4802 35.4161 32.5238 -25.6737 1.3132 17.5326 95.6 117.8 -22.2 18.9%  
33.5913 34.5235 31.6609 -25.2975 1.3425 17.5326 93.4 113.8 -20.4 18.0%  
32.1412 34.1413 30.9116 -24.9455 1.3716 17.5326 91.2 110.8 -19.6 17.7%  
32.9788 33.7575 30.7269 -24.6934 1.4004 17.5326 91.7 106.9 -15.2 14.2% Good
27.7646 33.6562 29.5505 -24.2798 1.4289 17.5326 85.7 103.2 -17.5 17.0%  
25.4688 34.6782 30.2694 -24.1879 1.4570 17.5326 85.2 102.9 -17.7 17.2%  
25.1134 36.2821 31.8508 -24.2309 1.4847 17.5326 88.0 105.9 -17.9 16.9%  
29.7464 37.8119 32.6210 -24.1403 1.5118 17.5326 95.1 109.4 -14.3 13.1% Good
29.4627 39.2892 34.2131 -24.1686 1.5385 17.5326 97.9 111.5 -13.6 12.2% Good
30.8678 40.2291 35.2442 -24.1086 1.5645 17.5326 101.3 112.9 -11.6 10.2% Good
28.7792 40.0187 34.5195 -23.8028 1.5899 17.5326 98.6 113.7 -15.1 13.2% Good
31.5810 39.0312 34.7252 -23.6314 1.6146 17.5326 100.9 113.8 -12.9 11.4% Good
30.5629 38.2149 33.3090 -23.2381 1.6386 17.5326 98.0 113.6 -15.6 13.7% Good
32.9788 38.2149 33.1111 -23.0192 1.6619 17.5326 100.5 113.5 -13.0 11.5% Good
33.9434 38.7235 33.5080 -22.8857 1.6843 17.5326 102.5 113.5 -11.0 9.7% Good
40.2611 39.5485 33.7081 -22.7272 1.7059 17.5326 110.0 114.4 -4.4 3.8% Good
35.4989 39.9138 34.8284 -22.6915 1.7267 17.5326 106.8 116.1 -9.3 8.0% Good
32.4725 40.0187 34.1116 -22.4173 1.7466 17.5326 103.5 117.3 -13.8 11.8% Good
31.0224 39.8092 34.4171 -22.2789 1.7656 17.5326 102.3 117.1 -14.8 12.7% Good
33.2439 39.9138 33.4084 -21.9751 1.7837 17.5326 103.9 116.3 -12.4 10.7% Good
28.8519 40.5464 34.3150 -21.9186 1.8009 17.5326 101.1 117.0 -15.9 13.6% Good
33.4961 41.8895 34.8284 -21.8123 1.8170 17.5326 107.8 119.5 -11.7 9.8% Good
30.5629 43.0439 35.7704 -21.7575 1.8322 17.5326 107.0 122.0 -15.0 12.3% Good
30.6317 43.9957 36.6274 -21.6910 1.8464 17.5326 108.9 123.3 -14.4 11.6% Good
39.1328 45.2499 37.2825 -21.6005 1.8596 17.5326 119.5 124.0 -4.5 3.7% Good
37.1143 46.5873 38.0603 -21.5235 1.8718 17.5326 119.6 125.9 -6.3 5.0% Good
36.7257 47.8306 39.4287 -21.5086 1.8829 17.5326 121.9 129.7 -7.8 6.0% Good
36.6379 48.3697 38.9676 -21.2998 1.8931 17.5326 122.1 133.4 -11.3 8.5% Good
38.2121 48.4299 39.6611 -21.2142 1.9022 17.5326 124.5 136.1 -11.6 8.5% Good
48.0122 47.8903 38.8532 -20.9757 1.9103 17.5326 133.2 138.3 -5.1 3.7% Good
39.7503 47.1767 37.7251 -20.7070 1.9173 17.5326 123.4 139.9 -16.5 11.8% Good
37.2210 47.1176 37.3927 -20.5239 1.9233 17.5326 120.7 141.1 -20.4 14.5% Good
35.5838 47.2952 37.7251 -20.4118 1.9283 17.5326 119.7 142.2 -22.5 15.9%  
36.9195 48.2496 38.9676 -20.3915 1.9323 17.5326 123.2 143.3 -20.1 14.0% Good
45.1574 50.0086 39.8948 -20.3379 1.9353 17.5326 134.2 145.1 -10.9 7.5% Good
54.7468 52.4284 41.5664 -20.3520 1.9373 17.5326 147.9 148.4 -0.5 0.4% Good
50.4644 55.0315 43.3022 -20.3664 1.9382 17.5326 147.9 152.5 -4.6 3.0% Good
55.0938 56.9694 44.1950 -20.3029 1.9382 17.5326 155.4 156.2 -0.8 0.5% Good
49.2966 58.2750 44.8430 -20.2182 1.9372 17.5326 151.7 158.7 -7.0 4.4% Good
55.0938 59.2607 45.3677 -20.1238 1.9353 17.5326 159.1 160.5 -1.4 0.9% Good
57.8557 60.2515 45.8980 -20.0306 1.9324 17.5326 163.4 162.0 1.4 0.9% Good
56.5279 60.7155 46.2995 -19.9279 1.9285 17.5326 163.1 163.2 -0.1 0.1% Good
56.1800 61.5134 46.7042 -19.8267 1.9237 17.5326 164.0 164.7 -0.7 0.4% Good
55.2240 62.6485 46.5689 -19.6846 1.9181 17.5326 164.2 168.1 -3.9 2.3% Good
71.8874 63.7889 47.6612 -19.6389 1.9115 17.5326 183.1 172.6 10.5 6.1% Good
61.6852 64.4621 48.3559 -19.5626 1.9040 17.5326 174.4 176.1 -1.7 1.0% Good
74.4732 65.7456 48.3559 -19.4356 1.8957 17.5326 188.6 178.9 9.7 5.4% Good
60.6205 67.9884 49.4867 -19.3924 1.8866 17.5326 178.1 183.2 -5.1 2.8% Good
62.1625 71.6256 51.9709 -19.4419 1.8766 17.5326 185.7 191.3 -5.6 2.9% Good
71.9904 75.1000 53.3321 -19.4097 1.8658 17.5326 200.4 202.3 -1.9 0.9% Good
76.5420 77.0677 54.7260 -19.3780 1.8542 17.5326 208.3 211.5 -3.2 1.5% Good
77.9461 78.2005 55.6739 -19.3165 1.8418 17.5326 211.9 217.1 -5.2 2.4% Good
79.0974 79.6262 56.3141 -19.2358 1.8286 17.5326 215.2 221.7 -6.5 2.9% Good
85.2144 81.5707 56.7988 -19.1463 1.8147 17.5326 223.8 227.0 -3.2 1.4% Good
88.3287 82.8815 57.4509 -19.0679 1.8001 17.5326 228.9 233.3 -4.4 1.9% Good
89.3769 82.7352 57.2872 -18.9417 1.7847 17.5326 229.8 237.1 -7.3 3.1% Good
90.8228 81.2810 56.3141 -18.7690 1.7686 17.5326 229.0 234.9 -5.9 2.5% Good
% of 
error
Predicted 
Error <10% = 
Good
Predicted vs 
Measurement
Formula 
Component X1
Formula Component 
X2
Formula 
Component X3
Formula 
Component X4
Formula 
Component X5
Intercept
Formula 
Predicted 
Illuminance
Measured 
Illuminance @ 
Position B2
Prediction formula output and comparison
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A2.1 Correlation equations plot for Position B2 (clear sky conditions) 
This section provides supplementary information for the regression study in 
Chapter 5.5.3 and 6.3.  The six outdoor measurement variables (X variable) are 
plotted against indoor illuminance level at Position B2 (Y variable).  The 
accuracy of the regression study can be assessed by the R-square value.  This 
appendix uses measurement position B2 as an example, to illustrate the 
correlation relationship between indoor and outdoor measurement variables in 
the test room with the light guiding louvre system installed.  
 
 
Figure A2.1: External vertical illuminance vs indoor il luminance  
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Figure A2.2: External global illuminance vs indoor il luminance  
 
Figure A2.3: Solar radiation vs indoor i lluminance  
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Figure A2.4: Clearness index vs indoor illuminance 
 
Figure A2.5: Sine azimuth in radian vs indoor illuminance  
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Figure A2.6:  Solar altitude vs indoor illuminance  
 
 A2.2 Correlation equations plot for Position B2 (overcast sky conditions) 
 
Figure A2.7: External vertical illuminance vs indoor il luminance 
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Figure A2.8: External global illuminance vs indoor il luminance  
 
Figure A2.9: Solar radiation vs indoor i lluminance 
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Figure A2.10: Clearness index vs indoor il luminance  
 
Figure A2.11: Sine azimuth in radian vs indoor illuminance  
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Figure A2.12: Solar Altitude vs indoor il luminance  
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A3.1  Regression study and residual plot for Position B2  
(clear sky conditions) 
 
Figure A3.1: Regression study summary for clear sky conditions 
 
SUMMARY OUTPUT Correlation Study of Position B2 - Clear Sky Condition
Regression Statistics 1 Ext Vert vs B2 (PM)
Multiple R 0.999817 2 Ext Glob vs B2 (PM)
R Square 0.999634 3 Rad vs B2 (PM)
Adjusted R Square0.999629 4 KT vs B2 (PM)
Standard Error 13.08969 5 SIN AZM_RAD vs B2
Observations 481 6 ALT vs B2
ANOVA
df SS MS F Significance F
Regression 6 2.22E+08 36943188 215613.4 0
Residual 474 81215.12 171.3399
Total 480 2.22E+08
CoefficientsStandard Error t Stat P-value Lower 95% Upper 95%Lower 95.0%Upper 95.0%
Intercept 5.569124 7.589448 0.733798 0.463434 -9.343998914 20.48225 -9.344 20.48225
X Variable 1 0.017944 0.00619 2.898928 0.003918 0.005781101 0.030107 0.005781 0.030107
X Variable 2 -0.00762 0.012098 -0.63004 0.528974 -0.031394616 0.01615 -0.03139 0.01615
X Variable 3 -0.01478 0.008253 -1.79038 0.07403 -0.030994865 0.001441 -0.03099 0.001441
X Variable 4 -1.6E-06 3.22E-06 -0.49966 0.61755 -7.94689E-06 4.72E-06 -7.9E-06 4.72E-06
X Variable 5 0.970392 0.014935 64.97248 3.6E-238 0.941043715 0.999739 0.941044 0.999739
X Variable 6 0.035533 0.017542 2.025631 0.043362 0.001063907 0.070002 0.001064 0.070002
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Figure A3.2: Residual plot for the X variables (clear sky conditions)  
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A3.2 Regression study and residual plot for Position B2  
(overcast sky conditions) 
 
Figure A3.3: Regression study summary (overcast sky conditions)  
  
SUMMARY OUTPUT Correlation Study of Position B2 
Overcast Sky Condition
Regression Statistics 1 Ext Vert vs B2 (PM)
Multiple R 0.981737 2 Ext Glob vs B2 (PM)
R Square 0.963808 3 Rad vs B2 (PM)
Adjusted R Square0.963579 4 KT vs B2 (PM)
Standard Error 15.27662 5 SIN AZM_RAD vs B2
Observations 952 6 ALT vs B2
ANOVA
df SS MS F Significance F
Regression 6 5873104 978850.6 4194.326 0
Residual 945 220539.4 233.375
Total 951 6093643
CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%
Intercept 17.53264 5.930471 2.956365 0.00319 5.894224 29.17105 5.894224 29.17105
X Variable 1 0.360165 0.020162 17.86369 1.02E-61 0.320598 0.399733 0.320598 0.399733
X Variable 2 0.354156 0.024569 14.41457 1E-42 0.305939 0.402373 0.305939 0.402373
X Variable 3 0.297717 0.032838 9.06629 6.96E-19 0.233274 0.362161 0.233274 0.362161
X Variable 4 0.000174 2.42E-05 7.187959 1.33E-12 0.000126 0.000221 0.000126 0.000221
X Variable 5 0.002812 0.039039 0.072021 0.9426 -0.0738 0.079424 -0.0738 0.079424
X Variable 6 0.01905 0.00696 2.737149 0.006314 0.005392 0.032709 0.005392 0.032709
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Figure A3.4: Residual plot for the X variables (overcast sky 
conditions) 
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Appendix B –  
Supplementary information for  
correlation-prediction study at Position B4 
 
This section provides supplementary information for Chapter 5.5.3 and 6.3, 
particular for indoor measurement position B4 in the test room with the light 
guiding louvre system installed.  The simultaneous indoor and outdoor 
illuminance measurements has been organized and calculated in Excel 
spreadsheet programme.  The collected data have been grouped into clear sky 
conditions and overcast sky conditions.  Unused data due to inconsistency, 
equipment errors and occupants activities were excluded.  This appendix 
illustrates how the collected data have been organized. 
 
The datasheet organized all the useable measurements and calculations under 
different titles, they are: weather station data, calculated clearness index, in-situ 
illuminance measurements in the test rooms, correlation formulas substituted 
for regression study, and prediction formula output and comparison.    Due to 
the large amount of per minute data has been logged and processed, all figures 
in this section will only provided data logged from 09:00-10:00 on the measured 
day as an example. 
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B1.1 Data organization for Position B4 under clear sky conditions 
Table B1.1: Weather station data 
 
 
 
Azimuth AZM_RAD SIN(AZM_RAD)
W/m2
2005 176 9:00:00 11.95 46.99 0.8201 0.7312 81.6223 7.8325 468.6
2005 176 9:01:00 12.10 46.81 0.8169 0.7290 82.2514 8.0651 468.5
2005 176 9:02:00 12.24 46.62 0.8137 0.7269 82.7583 8.2703 468.5
2005 176 9:03:00 12.38 46.44 0.8105 0.7246 84.1686 8.5809 468.8
2005 176 9:04:00 12.52 46.25 0.8073 0.7224 84.6874 8.7800 469.2
2005 176 9:05:00 12.67 46.07 0.8041 0.7202 84.9481 9.0748 469.2
2005 176 9:06:00 12.81 45.88 0.8008 0.7179 86.7954 9.4286 469.3
2005 176 9:07:00 12.95 45.70 0.7976 0.7157 87.3306 9.7457 469.1
2005 176 9:08:00 13.09 45.51 0.7944 0.7134 87.4649 10.0447 469.5
2005 176 9:09:00 13.23 45.33 0.7911 0.7111 88.2751 10.4218 469.6
2005 176 9:10:00 13.37 45.14 0.7878 0.7088 89.3671 10.7716 469.6
2005 176 9:11:00 13.51 44.95 0.7846 0.7065 89.7801 11.1114 469.7
2005 176 9:12:00 13.65 44.76 0.7813 0.7042 90.4726 11.5095 469.4
2005 176 9:13:00 13.79 44.58 0.7780 0.7018 90.1949 11.8405 469.8
2005 176 9:14:00 13.92 44.39 0.7747 0.6995 91.3105 12.2239 470.4
2005 176 9:15:00 14.06 44.20 0.7714 0.6971 92.0147 12.5750 470.8
2005 176 9:16:00 14.20 44.01 0.7681 0.6947 92.2979 12.9775 470.7
2005 176 9:17:00 14.33 43.82 0.7647 0.6924 93.5828 13.2915 470.7
2005 176 9:18:00 14.47 43.63 0.7614 0.6899 93.8707 13.6909 471.0
2005 176 9:19:00 14.60 43.43 0.7581 0.6875 94.5943 14.0020 471.2
2005 176 9:20:00 14.74 43.24 0.7547 0.6851 95.0311 14.3287 471.2
2005 176 9:21:00 14.87 43.05 0.7514 0.6826 95.4698 14.6365 471.6
2005 176 9:22:00 15.01 42.86 0.7480 0.6802 95.7634 14.9425 471.8
2005 176 9:23:00 15.14 42.66 0.7446 0.6777 96.0579 15.2971 472.3
2005 176 9:24:00 15.28 42.47 0.7413 0.6752 97.3940 15.6655 472.2
2005 176 9:25:00 15.41 42.28 0.7379 0.6727 97.5436 16.0142 472.1
2005 176 9:26:00 15.54 42.08 0.7345 0.6702 97.3940 16.3597 472.7
2005 176 9:27:00 15.67 41.89 0.7311 0.6677 97.3940 16.7020 472.8
2005 176 9:28:00 15.80 41.69 0.7277 0.6651 99.5083 17.0891 472.6
2005 176 9:29:00 15.93 41.50 0.7242 0.6626 98.2947 17.4716 472.7
2005 176 9:30:00 16.06 41.30 0.7208 0.6600 98.4456 17.8808 472.9
2005 176 9:31:00 16.19 41.10 0.7174 0.6574 98.5968 18.2999 473.3
2005 176 9:32:00 16.32 40.90 0.7139 0.6548 99.2035 18.6827 473.6
2005 176 9:33:00 16.45 40.71 0.7104 0.6522 98.8997 19.0603 474.5
2005 176 9:34:00 16.58 40.51 0.7070 0.6495 100.4279 19.4624 475.1
2005 176 9:35:00 16.71 40.31 0.7035 0.6469 101.6668 19.7858 475.4
2005 176 9:36:00 16.83 40.11 0.7000 0.6442 100.4279 20.0332 476.0
2005 176 9:37:00 16.96 39.91 0.6965 0.6416 101.8227 20.1488 476.3
2005 176 9:38:00 17.08 39.71 0.6930 0.6389 100.4279 20.3644 475.9
2005 176 9:39:00 17.21 39.51 0.6895 0.6362 101.5112 20.5783 475.8
2005 176 9:40:00 17.34 39.31 0.6860 0.6334 101.8227 20.7907 476.3
2005 176 9:41:00 17.46 39.10 0.6825 0.6307 101.9788 20.9876 476.0
2005 176 9:42:00 17.58 38.90 0.6789 0.6280 101.5112 21.2251 476.3
2005 176 9:43:00 17.71 38.70 0.6754 0.6252 102.2918 21.3778 476.0
2005 176 9:44:00 17.83 38.49 0.6718 0.6224 101.8227 21.5849 476.2
2005 176 9:45:00 17.95 38.29 0.6683 0.6196 102.6056 21.8319 476.1
2005 176 9:46:00 18.07 38.09 0.6647 0.6168 102.6056 21.9821 476.3
2005 176 9:47:00 18.19 37.88 0.6611 0.6140 102.6056 22.1724 476.4
2005 176 9:48:00 18.31 37.67 0.6575 0.6112 102.4486 22.3485 476.2
2005 176 9:49:00 18.43 37.47 0.6539 0.6083 102.7629 22.5779 475.8
2005 176 9:50:00 18.55 37.26 0.6503 0.6055 102.7629 22.7661 475.8
2005 176 9:51:00 18.67 37.05 0.6467 0.6026 102.7629 22.9539 475.9
2005 176 9:52:00 18.79 36.85 0.6431 0.5997 102.4486 23.1413 475.9
2005 176 9:53:00 18.91 36.64 0.6395 0.5968 101.5112 23.3419 476.1
2005 176 9:54:00 19.03 36.43 0.6358 0.5938 103.3943 23.5290 475.9
2005 176 9:55:00 19.14 36.22 0.6322 0.5909 103.2361 23.7429 476.0
2005 176 9:56:00 19.26 36.01 0.6285 0.5879 103.2361 23.9436 476.5
2005 176 9:57:00 19.37 35.80 0.6248 0.5850 103.8703 24.1581 476.6
2005 176 9:58:00 19.49 35.59 0.6212 0.5820 103.5527 24.3464 476.6
2005 176 9:59:00 19.60 35.38 0.6175 0.5790 103.5527 24.5217 477.0
2005 176 10:00:00 19.72 35.17 0.6138 0.5760 104.3484 24.7114 477.1
Weather station data
Year
Julian 
Day
Day / Time Altitude 
Ext. Vertical 
Illuminance 
(klux)
Ext. Global 
Illuminance 
(klux)
Solar 
Radiation
Deg (0-N)
IN RADIAN IN RADIAN
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Table B1.2 : Calculated clearness index 
 
  
Xtraterstial Radiation Clearness Index Diffuse Fraction
711.0481 0.6590 0.4688
713.4783 0.6566 0.4697
715.9073 0.6544 0.4705
718.3349 0.6526 0.4711
720.7610 0.6510 0.4717
723.1857 0.6488 0.4725
725.6088 0.6468 0.4732
728.0303 0.6443 0.4741
730.4501 0.6428 0.4747
732.8682 0.6408 0.4754
735.2845 0.6387 0.4762
737.6990 0.6367 0.4769
740.1115 0.6342 0.4778
742.5220 0.6327 0.4783
744.9304 0.6315 0.4788
747.3368 0.6300 0.4794
749.7409 0.6278 0.4802
752.1428 0.6258 0.4809
754.5423 0.6242 0.4815
756.9394 0.6225 0.4821
759.3340 0.6205 0.4829
761.7261 0.6191 0.4834
764.1155 0.6174 0.4841
766.5023 0.6162 0.4845
768.8862 0.6141 0.4853
771.2673 0.6121 0.4861
773.6454 0.6110 0.4865
776.0206 0.6093 0.4872
778.3926 0.6071 0.4880
780.7614 0.6054 0.4887
783.1270 0.6039 0.4893
785.4892 0.6026 0.4898
787.8479 0.6011 0.4903
790.2032 0.6005 0.4906
792.5548 0.5995 0.4910
794.9028 0.5981 0.4915
797.2470 0.5971 0.4919
799.5872 0.5957 0.4925
801.9236 0.5934 0.4933
804.2558 0.5916 0.4941
806.5839 0.5905 0.4945
808.9078 0.5884 0.4953
811.2273 0.5871 0.4958
813.5424 0.5851 0.4967
815.8530 0.5837 0.4972
818.1589 0.5819 0.4979
820.4601 0.5805 0.4985
822.7565 0.5790 0.4991
825.0479 0.5772 0.4999
827.3343 0.5751 0.5007
829.6156 0.5735 0.5013
831.8916 0.5721 0.5019
834.1623 0.5705 0.5026
836.4275 0.5692 0.5031
838.6872 0.5674 0.5038
840.9413 0.5660 0.5044
843.1895 0.5651 0.5048
845.4319 0.5637 0.5054
847.6683 0.5622 0.5060
849.8986 0.5612 0.5064
852.1226 0.5599 0.5070
Clearness index
y=(1353*(1+(0.33*COS((360*JUL_DAY)/365)))*C
OS(SOL_ZEN*6.2832/360))
Kt=(GLB_RAD / 
Xtraterstal)
d=0.029+(0.937/(1+(
kt/0.583)))
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Table B1.3:  In-situ i lluminance measurements in the test rooms  
 
  
Position Position Position Position Position Position Position Position Position Position Position Position
B_2 B_4 B_6 L_2 L_4 L_6 B_2 B_4 B_6 L_2 L_4 L_6
1552.0 403.8 151.7 1607.0 507.7 207.1 4539 4121 4147 4216 4313 4176
1566.0 407.0 152.8 1604.0 510.7 208.2 4549 4129 4155 4229 4323 4185
1579.0 409.7 153.8 1599.0 513.0 209.0 4560 4136 4162 4241 4330 4192
1596.0 411.9 154.6 1586.0 514.7 209.6 4563 4144 4169 4257 4339 4200
1680.0 414.3 155.6 1560.0 516.5 210.3 4398 4154 4176 4279 4347 4208
1624.0 417.5 156.9 1522.0 519.4 211.3 3856 4165 4183 4304 4357 4217
1654.0 420.5 158.3 1479.0 521.4 212.0 3364 4174 4188 4325 4365 4225
1667.0 423.4 159.5 1446.0 523.5 212.8 3420 4182 4191 4345 4372 4231
1641.0 426.5 160.8 1423.0 525.7 213.6 3809 4191 4196 4365 4381 4238
1677.0 429.4 162.1 1408.0 527.9 214.4 4281 4200 4201 4385 4389 4246
1728.0 432.2 163.2 1398.0 529.3 214.9 4612 4209 4206 4402 4396 4253
1714.0 435.5 164.5 1393.0 530.7 215.4 4671 4218 4211 4416 4404 4260
1726.0 438.8 165.7 1393.0 532.4 216.1 4679 4227 4217 4430 4413 4268
1738.0 442.0 166.8 1394.0 533.9 216.7 4687 4236 4223 4442 4422 4275
1745.0 445.1 168.0 1397.0 535.2 217.2 4694 4245 4230 4455 4431 4283
1750.0 448.2 169.1 1401.0 537.0 217.8 4702 4254 4235 4469 4439 4291
1755.0 451.0 170.1 1402.0 538.3 218.3 4709 4262 4241 4482 4447 4298
1764.0 454.0 171.1 1403.0 539.4 218.7 4716 4270 4246 4496 4455 4305
1775.0 457.3 172.3 1404.0 540.8 219.3 4724 4278 4250 4510 4462 4311
1785.0 460.5 173.4 1406.0 542.1 219.7 4730 4285 4253 4520 4469 4318
1796.0 464.0 174.7 1411.0 543.8 220.3 4739 4294 4258 4530 4478 4325
1806.0 467.1 175.8 1414.0 545.1 220.8 4746 4302 4263 4540 4484 4330
1816.0 470.2 176.9 1417.0 546.6 221.2 4755 4311 4268 4552 4491 4337
1827.0 473.7 178.1 1420.0 548.6 221.8 4761 4318 4272 4562 4496 4341
1839.0 477.2 179.3 1422.0 550.5 222.4 4769 4326 4277 4572 4503 4347
1848.0 479.9 180.3 1421.0 551.5 222.7 4777 4333 4281 4582 4508 4352
1859.0 483.2 181.5 1422.0 553.1 223.2 4785 4342 4286 4593 4516 4358
1870.0 486.4 182.7 1420.0 554.5 223.6 4792 4350 4291 4602 4521 4364
1882.0 489.8 183.9 1420.0 556.0 224.1 4800 4359 4297 4611 4528 4369
1892.0 492.6 184.8 1419.0 557.0 224.3 4807 4367 4303 4620 4534 4375
1901.0 495.2 185.5 1418.0 557.9 224.5 4814 4375 4311 4628 4541 4380
1911.0 498.0 186.2 1419.0 559.1 224.8 4822 4383 4321 4637 4548 4386
1921.0 500.7 186.9 1421.0 559.9 225.1 4831 4392 4331 4644 4554 4392
1930.0 503.2 187.5 1422.0 560.3 225.2 4837 4399 4339 4652 4560 4397
1941.0 506.0 188.3 1424.0 561.1 225.4 4845 4407 4348 4660 4566 4402
1952.0 509.1 189.1 1426.0 561.6 225.6 4853 4415 4356 4668 4573 4409
1960.0 511.2 189.7 1426.0 560.9 225.4 4859 4421 4364 4675 4579 4414
1970.0 513.8 190.4 1426.0 560.9 225.4 4868 4430 4373 4683 4586 4420
1979.0 516.3 191.1 1426.0 560.7 225.5 4877 4438 4383 4691 4591 4425
1988.0 518.7 191.6 1424.0 560.3 225.4 4885 4447 4393 4697 4596 4431
1995.0 520.8 192.1 1420.0 559.2 225.1 4891 4455 4402 4703 4601 4436
2003.0 523.2 192.6 1417.0 558.4 224.9 4899 4463 4412 4710 4607 4441
2010.0 525.1 192.9 1413.0 557.5 224.7 4906 4471 4420 4715 4613 4446
2018.0 527.0 193.1 1411.0 557.3 224.6 4914 4480 4430 4722 4619 4453
2025.0 528.9 193.3 1410.0 556.9 224.5 4923 4491 4441 4729 4626 4459
2032.0 530.0 193.5 1408.0 556.5 224.4 4930 4502 4451 4735 4632 4465
2038.0 531.6 193.7 1407.0 556.2 224.4 4938 4508 4461 4741 4638 4471
2044.0 534.6 194.1 1405.0 556.0 224.4 4946 4517 4469 4746 4643 4475
2052.0 536.6 194.7 1405.0 556.2 224.6 4953 4528 4478 4752 4650 4481
2061.0 537.7 195.3 1406.0 556.5 224.7 4963 4536 4487 4760 4657 4488
2068.0 538.4 195.8 1404.0 556.1 224.6 4970 4542 4495 4766 4663 4494
2076.0 540.4 196.4 1404.0 556.0 224.6 4978 4549 4503 4772 4670 4500
2084.0 542.7 197.1 1404.0 555.8 224.6 4984 4555 4508 4777 4676 4506
2092.0 545.3 197.9 1403.0 555.6 224.5 4991 4562 4514 4783 4681 4511
2101.0 548.0 198.8 1403.0 555.8 224.6 4999 4569 4521 4789 4687 4516
2107.0 549.0 199.2 1403.0 555.4 224.6 5005 4576 4527 4794 4693 4521
2113.0 550.2 199.7 1402.0 554.8 224.5 5014 4584 4533 4801 4700 4528
2120.0 551.4 200.1 1401.0 554.0 224.2 5022 4592 4540 4807 4707 4534
2125.0 552.8 200.6 1400.0 553.1 224.0 5029 4599 4546 4812 4712 4538
2132.0 554.9 201.4 1400.0 552.7 223.8 5036 4607 4551 4818 4717 4543
2133.0 555.5 201.6 1396.0 550.5 223.1 5039 4611 4554 4819 4719 4544
In-situ measurements
Indoor Illuminance  (lux) Colour Temperature (k)
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Table B1.4:  Correlation formulas substituted for regression study 
 
 
Ext Vert vs B4 (PM) Ext Glob vs B4 (PM) Rad vs B4 (PM) KT vs B4 (PM) SIN AZM_RAD vs B4 ALT vs B4
961.6622 90.9491 573.8177 -26553557.34 385.1622 188.32
984.2919 93.4120 571.8741 -26341151.71 390.1810 190.60
1002.8722 95.5207 571.8741 -26143032.25 395.1219 192.91
1056.2328 98.6050 577.7233 -25983720.64 399.9851 195.27
1076.4891 100.5174 585.6096 -25838095.37 404.7703 197.67
1086.7930 103.2632 585.6096 -25644778.56 409.4777 200.11
1162.3219 106.4290 587.5968 -25465371.62 414.1072 202.61
1185.0349 109.1571 583.6286 -25251225.29 418.6590 205.15
1190.7946 111.6422 591.5903 -25111369.34 423.1331 207.75
1226.0498 114.6654 593.5966 -24936761.51 427.5295 210.40
1274.9667 117.3697 593.5966 -24751805.15 431.8485 213.10
1293.8905 119.9126 595.6093 -24580424.33 436.0900 215.86
1326.1531 122.7981 589.5904 -24363374.13 440.2544 218.68
1313.1385 125.1288 597.6283 -24230620.85 444.3417 221.55
1366.0912 127.7594 609.8779 -24122471.54 448.3523 224.48
1400.4210 130.1108 618.1745 -23992018.66 452.2862 227.47
1414.4259 132.7488 616.0905 -23804839.86 456.1438 230.52
1479.4326 134.7686 616.0905 -23630959.85 459.9253 233.63
1494.3297 137.2980 622.3624 -23493105.87 463.6310 236.80
1532.3105 139.2409 626.5769 -23345132.05 467.2613 240.03
1555.6139 141.2602 626.5769 -23175861.20 470.8164 243.31
1579.3110 143.1456 635.0861 -23053351.07 474.2968 246.66
1595.3307 145.0064 639.3813 -22909527.63 477.7029 250.07
1611.5300 147.1484 650.2385 -22800599.56 481.0350 253.54
1686.6989 149.3615 648.0533 -22625973.69 484.2936 257.07
1695.2853 151.4464 645.8750 -22453056.28 487.4791 260.65
1686.6989 153.5058 659.0484 -22358825.35 490.5921 264.30
1686.6989 155.5406 661.2683 -22210750.33 493.6330 268.00
1811.3446 157.8369 656.8355 -22031457.87 496.6024 271.76
1738.9385 160.1025 659.0484 -21886426.29 499.5007 275.58
1747.8151 162.5221 663.4952 -21753583.77 502.3287 279.46
1756.7410 164.9962 672.4732 -21643471.76 505.0869 283.39
1792.9420 167.2510 679.2813 -21523771.40 507.7759 287.37
1774.7415 169.4702 700.0953 -21468950.40 510.3963 291.41
1867.7858 171.8254 714.3016 -21382996.63 512.9488 295.51
1945.9982 173.7116 721.5057 -21266327.10 515.4342 299.65
1867.7858 175.1483 736.1185 -21182237.74 517.8530 303.85
1956.0185 175.8180 743.5285 -21067715.65 520.2061 308.09
1867.7858 177.0624 733.6639 -20881754.44 522.4943 312.39
1936.0327 178.2919 731.2170 -20728634.70 524.7182 316.73
1956.0185 179.5063 743.5285 -20638578.47 526.8786 321.13
1966.0939 180.6259 736.1185 -20467825.59 528.9765 325.57
1936.0327 181.9671 743.5285 -20359683.12 531.0126 330.05
1986.4112 182.8242 736.1185 -20192105.39 532.9879 334.58
1956.0185 183.9790 741.0507 -20076416.93 534.9031 339.16
2006.9521 185.3435 738.5808 -19931976.94 536.7591 343.77
2006.9521 186.1658 743.5285 -19818797.35 538.5570 348.43
2006.9521 187.1995 746.0140 -19696909.78 540.2976 353.14
1996.6535 188.1464 741.0507 -19546828.81 541.9820 357.88
2017.3072 189.3656 731.2170 -19378815.13 543.6109 362.66
2017.3072 190.3533 731.2170 -19251385.99 545.1856 367.48
2017.3072 191.3261 733.6639 -19134937.31 546.7069 372.35
1996.6535 192.2837 733.6639 -19010110.87 548.1759 377.24
1936.0327 193.2928 738.5808 -18905689.77 549.5937 382.18
2059.2983 194.2186 733.6639 -18764386.68 550.9613 387.15
2048.7143 195.2573 736.1185 -18652910.97 552.2798 392.16
2048.7143 196.2120 748.5072 -18580210.56 553.5502 397.21
2091.3991 197.2095 751.0083 -18470897.47 554.7737 402.29
2069.9402 198.0641 751.0083 -18353447.11 555.9514 407.41
2069.9402 198.8422 761.0911 -18274282.50 557.0845 412.56
2124.0294 199.6628 763.6316 -18168349.54 558.1740 417.75
Correlation equations substituted for regression study
y = 0.0038x3 - 
0.3325x2 + 13.924x - 
26.046
y = 1E-05x5 - 0.002x4 + 
0.1098x3 - 2.6368x2 + 
35.512x - 70.964
y = 2E-40x15.897
y = 2E+08x6 - 5E+08x5 + 
7E+08x4 - 6E+08x3 + 
2E+08x2 - 5E+07x + 
5E+06
y = -3856.9x6 - 1440.4x5 + 
3242.6x4 + 771.01x3 - 
1277.1x2 + 131.76x + 
633.89
y = 6E-05x6 - 0.0049x5 + 
0.1562x4 - 2.3542x3 + 
16.9x2 - 34.009x + 32.788
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Table B1.5: Prediction formula output and comparison 
Differences
Ext Vert vs B4 SIN AZM_RAD vs B4 ALT vs B4
9.6004 326.5765 6.3454 342.5 403.8 -61.3 15.2%  
9.8263 330.8318 6.4220 347.1 407.0 -59.9 14.7% Good
10.0118 335.0213 6.5000 351.5 409.7 -58.2 14.2% Good
10.5445 339.1447 6.5794 356.3 411.9 -55.6 13.5% Good
10.7467 343.2020 6.6602 360.6 414.3 -53.7 13.0% Good
10.8496 347.1934 6.7427 364.8 417.5 -52.7 12.6% Good
11.6036 351.1188 6.8268 369.5 420.5 -51.0 12.1% Good
11.8303 354.9782 6.9125 373.7 423.4 -49.7 11.7% Good
11.8878 358.7717 7.0000 377.7 426.5 -48.8 11.5% Good
12.2398 362.4994 7.0893 381.8 429.4 -47.6 11.1% Good
12.7281 366.1614 7.1804 386.1 432.2 -46.1 10.7% Good
12.9171 369.7578 7.2734 389.9 435.5 -45.6 10.5% Good
13.2391 373.2888 7.3682 393.9 438.8 -44.9 10.2% Good
13.1092 376.7544 7.4650 397.3 442.0 -44.7 10.1% Good
13.6378 380.1549 7.5638 401.4 445.1 -43.7 9.8% Good
13.9806 383.4904 7.6645 405.1 448.2 -43.1 9.6% Good
14.1204 386.7612 7.7672 408.6 451.0 -42.4 9.4% Good
14.7693 389.9676 7.8720 412.6 454.0 -41.4 9.1% Good
14.9181 393.1096 7.9787 416.0 457.3 -41.3 9.0% Good
15.2972 396.1877 8.0875 419.6 460.5 -40.9 8.9% Good
15.5299 399.2021 8.1983 422.9 464.0 -41.1 8.9% Good
15.7664 402.1531 8.3111 426.2 467.1 -40.9 8.7% Good
15.9264 405.0411 8.4260 429.4 470.2 -40.8 8.7% Good
16.0881 407.8664 8.5428 432.5 473.7 -41.2 8.7% Good
16.8385 410.6293 8.6617 436.1 477.2 -41.1 8.6% Good
16.9242 413.3303 8.7826 439.0 479.9 -40.9 8.5% Good
16.8385 415.9698 8.9054 441.7 483.2 -41.5 8.6% Good
16.8385 418.5481 9.0302 444.4 486.4 -42.0 8.6% Good
18.0829 421.0658 9.1569 448.3 489.8 -41.5 8.5% Good
17.3600 423.5233 9.2856 450.2 492.6 -42.4 8.6% Good
17.4486 425.9212 9.4162 452.8 495.2 -42.4 8.6% Good
17.5377 428.2598 9.5486 455.3 498.0 -42.7 8.6% Good
17.8991 430.5398 9.6829 458.1 500.7 -42.6 8.5% Good
17.7174 432.7616 9.8190 460.3 503.2 -42.9 8.5% Good
18.6463 434.9259 9.9569 463.5 506.0 -42.5 8.4% Good
19.4271 437.0332 10.0965 466.6 509.1 -42.5 8.4% Good
18.6463 439.0841 10.2379 468.0 511.2 -43.2 8.5% Good
19.5272 441.0793 10.3810 471.0 513.8 -42.8 8.3% Good
18.6463 443.0194 10.5258 472.2 516.3 -44.1 8.5% Good
19.3276 444.9050 10.6721 474.9 518.7 -43.8 8.4% Good
19.5272 446.7369 10.8202 477.1 520.8 -43.7 8.4% Good
19.6277 448.5157 10.9697 479.1 523.2 -44.1 8.4% Good
19.3276 450.2421 11.1209 480.7 525.1 -44.4 8.5% Good
19.8306 451.9169 11.2735 483.0 527.0 -44.0 8.3% Good
19.5272 453.5407 11.4277 484.5 528.9 -44.4 8.4% Good
20.0356 455.1145 11.5833 486.7 530.0 -43.3 8.2% Good
20.0356 456.6389 11.7403 488.4 531.6 -43.2 8.1% Good
20.0356 458.1148 11.8987 490.0 534.6 -44.6 8.3% Good
19.9328 459.5429 12.0585 491.5 536.6 -45.1 8.4% Good
20.1390 460.9241 12.2197 493.3 537.7 -44.4 8.3% Good
20.1390 462.2592 12.3822 494.8 538.4 -43.6 8.1% Good
20.1390 463.5491 12.5459 496.2 540.4 -44.2 8.2% Good
19.9328 464.7947 12.7110 497.4 542.7 -45.3 8.3% Good
19.3276 465.9968 12.8774 498.2 545.3 -47.1 8.6% Good
20.5582 467.1564 13.0449 500.8 548.0 -47.2 8.6% Good
20.4525 468.2743 13.2138 501.9 549.0 -47.1 8.6% Good
20.4525 469.3515 13.3838 503.2 550.2 -47.0 8.5% Good
20.8787 470.3889 13.5550 504.8 551.4 -46.6 8.4% Good
20.6644 471.3875 13.7274 505.8 552.8 -47.0 8.5% Good
20.6644 472.3482 13.9011 506.9 554.9 -48.0 8.6% Good
21.2044 473.2720 14.0758 508.6 555.5 -46.9 8.5% Good
Formula 
Component X1
Formula Component 
X2
Formula 
Component X3
Prediction formula output and comparison
Formula 
Predicted 
Illuminance
Measured 
Illuminance @ 
Position B4
% of 
error
Predicted 
Error <10% = 
Good
Predicted vs 
Measurement
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B1.2 Data organization for Position B4 under overcast sky conditions 
Table B1.6: Weather station data 
 
 
 
Azimuth AZM_RAD SIN(AZM_RAD)
W/m2
2005 184 09:00:58 12.06 47.55 0.8299 0.7379 3.4141 12.5048 423.3
2005 184 09:01:58 12.21 47.37 0.8267 0.7357 3.1659 12.7502 423.8
2005 184 09:02:57 12.35 47.18 0.8235 0.7335 3.2145 12.8377 423.4
2005 184 09:03:57 12.49 47.00 0.8203 0.7313 3.4012 12.6451 423.3
2005 184 09:04:59 12.64 46.82 0.8171 0.7292 3.3188 12.2239 422.2
2005 184 09:05:58 12.78 46.63 0.8139 0.7269 3.2904 11.8915 421.3
2005 184 09:06:58 12.92 46.45 0.8106 0.7247 3.2446 11.7472 420.5
2005 184 09:07:57 13.07 46.26 0.8074 0.7225 3.2710 11.6011 420.3
2005 184 09:08:57 13.21 46.07 0.8041 0.7202 3.1099 11.5623 419
2005 184 09:09:58 13.35 45.89 0.8009 0.7180 3.0412 11.9496 419.8
2005 184 09:10:58 13.49 45.70 0.7976 0.7157 3.0307 12.5399 421.5
2005 184 09:11:58 13.63 45.51 0.7943 0.7134 3.1703 13.0823 422.3
2005 184 09:12:57 13.77 45.32 0.7911 0.7111 3.1616 13.5869 423.9
2005 184 09:13:57 13.91 45.14 0.7878 0.7088 3.2049 13.8984 424.9
2005 184 09:14:58 14.05 44.95 0.7845 0.7065 3.1407 13.8293 424.2
2005 184 09:15:58 14.19 44.76 0.7812 0.7041 3.2271 13.5001 424.4
2005 184 09:16:58 14.33 44.57 0.7779 0.7018 3.1954 13.2218 423
2005 184 09:17:57 14.47 44.38 0.7745 0.6994 3.2710 13.2218 422.8
2005 184 09:18:59 14.60 44.19 0.7712 0.6970 3.3016 13.3959 423.2
2005 184 09:19:58 14.74 44.00 0.7679 0.6946 3.5090 13.6736 423.4
2005 184 09:20:58 14.88 43.80 0.7645 0.6922 3.3515 13.7948 424.5
2005 184 09:21:57 15.01 43.61 0.7612 0.6898 3.2550 13.8293 423.8
2005 184 09:22:57 15.15 43.42 0.7578 0.6873 3.2097 13.7602 424.1
2005 184 09:23:59 15.28 43.23 0.7544 0.6849 3.2794 13.7948 423.1
2005 184 09:24:58 15.42 43.03 0.7510 0.6824 3.1429 14.0020 424
2005 184 09:25:58 15.55 42.84 0.7477 0.6799 3.2874 14.4315 424.5
2005 184 09:26:57 15.68 42.64 0.7443 0.6774 3.1954 14.7897 425.4
2005 184 09:27:57 15.82 42.45 0.7408 0.6749 3.1976 15.0779 426.2
2005 184 09:28:57 15.95 42.25 0.7374 0.6724 3.4710 15.4482 426.8
2005 184 09:29:58 16.08 42.06 0.7340 0.6699 3.4041 15.8319 427.5
2005 184 09:30:58 16.21 41.86 0.7306 0.6673 3.3914 16.1791 428.7
2005 184 09:31:57 16.34 41.66 0.7271 0.6647 3.3885 16.3270 428.3
2005 184 09:32:57 16.47 41.46 0.7237 0.6621 3.4404 16.3433 428.9
2005 184 09:33:58 16.60 41.27 0.7202 0.6596 3.7818 16.1956 428.2
2005 184 09:34:58 16.73 41.07 0.7168 0.6569 3.4917 15.9976 427.2
2005 184 09:35:57 16.86 40.87 0.7133 0.6543 3.4077 15.9811 426.9
2005 184 09:36:57 16.99 40.67 0.7098 0.6517 3.3543 16.0307 427.2
2005 184 09:37:57 17.12 40.47 0.7063 0.6490 3.3978 16.2942 428.3
2005 184 09:38:59 17.25 40.27 0.7028 0.6464 3.6787 16.7668 429.1
2005 184 09:39:58 17.37 40.07 0.6993 0.6437 4.0385 17.3923 430.5
2005 184 09:40:58 17.50 39.86 0.6958 0.6410 3.8729 18.0368 431.9
2005 184 09:41:57 17.63 39.66 0.6922 0.6383 4.0523 18.4996 432.6
2005 184 09:42:57 17.75 39.46 0.6887 0.6355 3.8292 18.8041 433.1
2005 184 09:43:59 17.88 39.26 0.6852 0.6328 4.0523 19.0302 433.5
2005 184 09:44:58 18.00 39.05 0.6816 0.6300 4.1642 19.2546 433.9
2005 184 09:45:58 18.12 38.85 0.6780 0.6273 4.1099 19.3587 434.2
2005 184 09:46:57 18.25 38.64 0.6745 0.6245 4.0958 19.5362 434.5
2005 184 09:47:57 18.37 38.44 0.6709 0.6217 4.0575 19.7858 434.4
2005 184 09:48:58 18.49 38.23 0.6673 0.6189 4.8065 20.0332 435.2
2005 184 09:49:58 18.61 38.03 0.6637 0.6160 4.3264 20.1776 435.7
2005 184 09:50:58 18.73 37.82 0.6601 0.6132 4.9419 20.4501 435.7
2005 184 09:51:57 18.85 37.61 0.6565 0.6103 4.2805 20.9175 436.5
2005 184 09:52:57 18.97 37.40 0.6528 0.6074 4.3472 21.6537 438.2
2005 184 09:53:59 19.09 37.20 0.6492 0.6046 4.8117 22.3350 439.1
2005 184 09:54:58 19.21 36.99 0.6456 0.6016 5.0551 22.7124 440
2005 184 09:55:58 19.33 36.78 0.6419 0.5987 5.1347 22.9271 440.6
2005 184 09:56:57 19.45 36.57 0.6382 0.5958 5.2018 23.1949 441
2005 184 09:57:57 19.56 36.36 0.6346 0.5928 5.5900 23.5557 441.3
2005 184 09:58:58 19.68 36.15 0.6309 0.5899 5.8131 23.7964 441.7
2005 184 09:59:58 19.80 35.94 0.6272 0.5869 5.8930 23.7696 441.6
2005 184 10:00:57 19.91 35.72 0.6235 0.5839 6.0079 23.5023 441
Altitude 
Ext. Vertical 
Illuminance 
(klux)
Ext. Global 
Illuminance 
(klux)
Solar 
Radiation
Deg (0-N)
IN RADIAN IN RADIAN
Weather station data
Year
Julian 
Day
Day / Time
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Table B1.7:  Calculated clearness index 
 
  
Xtraterstial Radiation Clearness Index Diffuse Fraction
1137.1818 0.3722 0.6009
1141.1449 0.3714 0.6014
1145.1062 0.3697 0.6024
1149.0655 0.3684 0.6032
1153.0227 0.3662 0.6045
1156.9777 0.3641 0.6058
1160.9306 0.3622 0.6069
1164.8811 0.3608 0.6078
1168.8291 0.3585 0.6092
1172.7746 0.3580 0.6095
1176.7175 0.3582 0.6094
1180.6576 0.3577 0.6097
1184.5949 0.3578 0.6096
1188.5293 0.3575 0.6098
1192.4605 0.3557 0.6109
1196.3887 0.3547 0.6115
1200.3135 0.3524 0.6130
1204.2350 0.3511 0.6138
1208.1530 0.3503 0.6143
1212.0674 0.3493 0.6149
1215.9780 0.3491 0.6151
1219.8848 0.3474 0.6161
1223.7877 0.3465 0.6167
1227.6864 0.3446 0.6179
1231.5810 0.3443 0.6181
1235.4712 0.3436 0.6185
1239.3570 0.3432 0.6188
1243.2382 0.3428 0.6190
1247.1146 0.3422 0.6194
1250.9863 0.3417 0.6197
1254.8529 0.3416 0.6198
1258.7145 0.3403 0.6207
1262.5708 0.3397 0.6210
1266.4217 0.3381 0.6221
1270.2671 0.3363 0.6232
1274.1069 0.3351 0.6240
1277.9408 0.3343 0.6245
1281.7688 0.3341 0.6246
1285.5907 0.3338 0.6249
1289.4064 0.3339 0.6248
1293.2156 0.3340 0.6247
1297.0184 0.3335 0.6250
1300.8144 0.3329 0.6254
1304.6036 0.3323 0.6258
1308.3858 0.3316 0.6263
1312.1609 0.3309 0.6267
1315.9286 0.3302 0.6272
1319.6888 0.3292 0.6279
1323.4414 0.3288 0.6281
1327.1862 0.3283 0.6284
1330.9231 0.3274 0.6291
1334.6518 0.3271 0.6293
1338.3722 0.3274 0.6290
1342.0841 0.3272 0.6292
1345.7874 0.3269 0.6293
1349.4818 0.3265 0.6296
1353.1673 0.3259 0.6300
1356.8436 0.3252 0.6305
1360.5105 0.3247 0.6308
1364.1679 0.3237 0.6315
1367.8156 0.3224 0.6323
y=(1353*(1+(0.33*COS((360*JUL_DAY)/365)))*C
OS(SOL_ZEN*6.2832/360))
Kt=(GLB_RAD / 
Xtraterstal)
d=0.029+(0.937/(1+(
kt/0.583)))
Clearness index
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Table B1.8:  In-situ i lluminance measurements in the test rooms 
 
  
Position Position Position Position Position Position Position Position Position Position Position Position
B_2 B_4 B_6 L_2 L_4 L_6 B_2 B_4 B_6 L_2 L_4 L_6
113.7 29.2 12.8 63.4 27.5 13.6 5979 5461 5355 5437 5361 5100
115.3 29.7 12.9 64.4 27.9 13.8 5975 5455 5348 5433 5355 5094
117.5 30.2 13.2 65.4 28.3 14.0 5967 5445 5339 5430 5347 5085
119.5 30.7 13.4 66.4 28.7 14.2 5959 5435 5331 5433 5345 5083
117.8 30.3 13.3 66.4 28.6 14.2 5961 5433 5329 5442 5352 5087
113.8 29.3 13.0 65.9 28.2 14.1 5970 5435 5329 5449 5355 5087
110.8 28.5 12.7 65.2 27.8 14.0 5973 5436 5328 5450 5355 5085
106.9 27.3 12.3 61.8 27.2 13.8 5979 5442 5332 5255 5361 5087
103.2 26.2 12.0 63.4 26.8 13.7 5982 5448 5337 5456 5365 5089
102.9 26.0 11.9 63.5 26.7 13.7 5985 5455 5342 5442 5359 5085
105.9 26.6 12.2 64.0 26.9 13.8 5996 5467 5347 5431 5352 5078
109.4 27.5 12.5 64.5 27.3 14.0 6011 5476 5352 5424 5344 5071
111.5 27.3 12.8 64.5 27.7 14.1 6027 5280 5357 5424 5340 5067
112.9 29.1 13.1 63.9 28.0 14.3 6033 5484 5356 5429 5341 5068
113.7 29.8 13.3 62.8 28.2 14.3 6031 5481 5352 5438 5347 5073
113.8 30.0 13.4 62.0 28.2 14.3 6036 5482 5353 5451 5356 5080
113.6 30.0 13.4 62.0 28.2 14.3 6044 5485 5355 5463 5364 5086
113.5 29.9 13.4 62.8 28.2 14.3 6051 5486 5354 5472 5367 5088
113.5 29.7 13.3 62.0 28.3 14.4 6055 5486 5352 5282 5368 5088
114.4 29.6 13.3 66.0 28.4 14.5 6050 5483 5348 5476 5365 5085
116.1 29.8 13.4 67.5 28.6 14.5 6040 5478 5344 5473 5363 5085
117.3 29.9 13.4 65.6 28.7 14.6 6031 5473 5341 5269 5363 5086
117.1 29.9 13.4 68.2 28.7 14.6 6028 5472 5342 5474 5367 5091
116.3 29.7 13.4 68.0 28.8 14.6 6031 5473 5343 5477 5371 5094
117.0 29.8 13.4 68.1 28.9 14.7 6038 5476 5345 5479 5371 5095
119.5 30.3 13.6 68.9 29.3 14.9 6042 5478 5347 5478 5367 5094
122.0 30.8 13.8 70.0 29.6 15.0 6039 5475 5345 5473 5363 5091
123.3 31.1 14.0 70.9 29.9 15.2 6039 5473 5343 5468 5358 5087
124.0 31.4 14.1 71.6 30.3 15.4 6044 5475 5342 5464 5355 5084
125.9 30.8 14.3 72.3 30.9 15.6 6042 5278 5339 5458 5350 5080
129.7 32.8 14.7 73.9 31.7 15.9 6023 5463 5329 5447 5344 5074
133.4 33.6 14.9 75.8 32.4 16.2 6004 5453 5324 5440 5340 5073
136.1 34.2 15.1 77.3 32.9 16.4 5995 5449 5321 5442 5342 5075
138.3 34.7 15.3 78.6 33.4 16.6 5987 5445 5319 5445 5346 5080
139.9 35.0 15.5 79.6 33.8 16.8 5981 5444 5319 5447 5350 5084
141.1 35.3 15.6 80.6 34.2 17.0 5976 5444 5320 5446 5353 5087
142.2 35.5 15.7 81.6 34.6 17.2 5976 5445 5322 5446 5354 5089
143.3 35.9 15.8 82.7 35.0 17.4 5979 5447 5322 5443 5352 5087
145.1 36.4 16.1 84.0 35.7 17.8 5980 5446 5321 5435 5345 5080
148.4 37.4 16.5 85.8 36.5 18.2 5972 5439 5314 5420 5332 5069
152.5 38.5 16.9 87.8 37.4 18.7 5955 5425 5303 5404 5317 5057
156.2 39.5 17.4 89.5 38.2 19.1 5941 5414 5293 5391 5305 5048
158.7 40.3 17.7 90.8 38.8 19.4 5931 5405 5287 5381 5297 5041
160.5 40.8 18.0 91.7 39.3 19.6 5926 5400 5282 5375 5290 5035
162.0 41.3 18.2 92.3 39.8 19.9 5923 5396 5279 5371 5285 5031
163.2 41.6 18.3 92.9 40.2 20.0 5922 5393 5277 5370 5282 5028
164.7 41.9 18.4 93.9 40.7 20.3 5923 5391 5276 5366 5277 5025
168.1 42.7 18.8 95.6 41.4 20.6 5914 5385 5272 5358 5269 5019
172.6 43.7 19.2 97.8 42.1 21.0 5904 5380 5268 5351 5265 5014
176.1 44.4 19.5 99.9 42.8 21.3 5897 5378 5265 5345 5261 5010
178.9 45.1 19.8 102.0 43.5 21.6 5892 5376 5261 5332 5255 5005
183.2 46.2 20.3 104.2 44.4 22.1 5884 5368 5253 5319 5243 4994
191.3 48.3 21.1 107.1 45.6 22.7 5864 5352 5238 5302 5225 4980
202.3 50.9 22.1 111.0 47.0 23.4 5836 5331 5218 5286 5209 4967
211.5 53.1 23.0 114.3 48.3 24.0 5816 5314 5204 5279 5199 4958
217.1 54.6 23.5 117.0 49.5 24.5 5805 5301 5193 5274 5190 4951
221.7 55.8 24.0 119.5 50.5 25.0 5796 5290 5184 5269 5181 4943
227.0 57.0 24.5 122.5 51.7 25.6 5785 5278 5172 5261 5171 4933
233.3 58.2 25.0 125.9 52.7 26.1 5770 5267 5160 5252 5162 4924
237.1 58.6 25.3 128.5 53.3 26.3 5759 5260 5153 5248 5160 4921
234.9 57.9 25.0 129.3 53.2 26.3 5761 5262 5154 5250 5164 4923
Indoor Illuminance  (lux) Colour Temperature (k)
In-situ measurements
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Table B1.9:  Correlation formulas substituted for regression study 
 
 
Ext Vert vs B4 Ext Glob vs B4 Rad vs B4 KT vs B4 SIN AZM_RAD vs B4 ALT vs B4
26.5335 25.2384 26.3801 -30499.9085 18.7217 -7.90
21.1689 25.6377 26.7601 -30364.1717 18.9729 -9.11
22.2481 25.7806 26.4557 -30105.3412 19.2225 -10.41
26.2640 25.4664 26.3801 -29890.4587 19.4705 -11.79
24.5143 24.7833 25.5616 -29541.6122 19.7168 -13.26
23.9038 24.2475 24.9093 -29223.9509 19.9615 -14.83
22.9086 24.0156 24.3423 -28923.3864 20.2045 -16.49
23.4834 23.7812 24.2024 -28706.0535 20.4460 -18.26
19.9092 23.7191 23.3110 -28345.7535 20.6858 -20.13
18.3383 24.3409 23.8559 -28265.0433 20.9240 -22.11
18.0953 25.2954 25.0529 -28302.8211 21.1607 -24.21
21.2666 26.1815 25.6350 -28223.0952 21.3957 -26.42
21.0722 27.0150 26.8367 -28248.0013 21.6292 -28.76
22.0352 27.5344 27.6138 -28195.1951 21.8612 -31.22
20.6039 27.4188 27.0677 -27924.1765 22.0916 -33.81
22.5243 26.8710 27.2227 -27771.0463 22.3206 -36.53
21.8262 26.4110 26.1545 -27416.4967 22.5480 -39.40
23.4834 26.4110 26.0051 -27217.1384 22.7739 -42.40
24.1456 26.6984 26.3047 -27094.9022 22.9983 -45.55
28.4916 27.1592 26.4557 -26948.9440 23.2213 -48.86
25.2142 27.3611 27.3005 -26915.9376 23.4428 -52.31
23.1359 27.4188 26.7601 -26661.3145 23.6629 -55.92
22.1412 27.3034 26.9905 -26531.8619 23.8816 -59.69
23.6654 27.3611 26.2295 -26245.4934 24.0990 -63.63
20.6538 27.7077 26.9135 -26191.9527 24.3149 -67.74
23.8385 28.4312 27.3005 -26090.7773 24.5295 -72.01
21.8262 29.0396 28.0100 -26038.5543 24.7428 -76.47
21.8733 29.5322 28.6548 -25974.9421 24.9548 -81.10
27.7144 30.1687 29.1473 -25888.1943 25.1655 -85.92
26.3250 30.8320 29.7317 -25814.1433 25.3749 -90.92
26.0577 31.4348 30.7587 -25799.8195 25.5831 -96.12
25.9973 31.6920 30.4128 -25597.8824 25.7900 -101.50
27.0804 31.7206 30.9329 -25514.6864 25.9958 -107.09
33.8461 31.4634 30.3269 -25281.4311 26.2004 -112.88
28.1397 31.1195 29.4800 -25016.1943 26.4038 -118.87
26.3984 31.0908 29.2301 -24833.9539 26.6062 -125.07
25.2726 31.1769 29.4800 -24721.8231 26.8074 -131.47
26.1910 31.6349 30.4128 -24701.4481 27.0075 -138.10
31.8709 32.4586 31.1081 -24647.5366 27.2066 -144.94
38.5213 33.5487 32.3602 -24661.7754 27.4047 -152.00
35.5458 34.6662 33.6583 -24676.1733 27.6018 -159.28
38.7628 35.4610 34.3251 -24612.3614 27.7979 -166.79
34.7360 35.9785 34.8088 -24526.9591 27.9930 -174.53
38.7628 36.3596 35.2003 -24431.3445 28.1873 -182.50
40.6877 36.7343 35.5958 -24336.7003 28.3806 -190.71
39.7618 36.9069 35.8950 -24232.0339 28.5731 -199.15
39.5193 37.1993 36.1966 -24128.4262 28.7647 -207.83
38.8535 37.6057 36.0958 -23982.3587 28.9556 -216.76
50.5435 38.0028 36.9094 -23935.1877 29.1456 -225.93
43.3640 38.2318 37.4264 -23856.2292 29.3349 -235.35
52.3765 38.6573 37.4264 -23724.4267 29.5235 -245.01
42.6190 39.3653 38.2674 -23679.4312 29.7113 -254.93
43.6982 40.4153 40.1124 -23730.9806 29.8985 -265.11
50.6163 41.3015 41.1219 -23697.4303 30.0851 -275.54
53.8476 41.7510 42.1547 -23664.3852 30.2710 -286.23
54.8484 41.9922 42.8563 -23600.1589 30.4564 -297.18
55.6707 42.2773 43.3300 -23515.6353 30.6412 -308.39
60.0664 42.6322 43.6885 -23421.5463 30.8254 -319.87
62.3244 42.8490 44.1706 -23338.8673 31.0092 -331.61
63.0880 42.8257 44.0496 -23205.2107 31.1925 -343.62
64.1445 42.5819 43.3300 -23021.3742 31.3753 -355.90
y = -2E-05x6 + 0.0015x5 - 
0.0574x4 + 1.0378x3 - 
9.3646x2 + 39.664x - 
51.476
Correlation equations substituted for regression study
y = 0.1336x3 - 
4.1845x2 + 44.807x - 
82.984
y = 5E-06x5 - 0.0007x4 
+ 0.0291x3 - 0.5177x2 + 
5.7841x - 7.4521 y = 4E-31x12.114
y = 4E+06x5 - 7E+06x4 + 
5E+06x3 - 2E+06x2 + 
311747x - 21503
y = -216.08x6 + 44.996x5 
+ 209.78x4 - 64.37x3 - 
104.28x2 + 21.669x + 
48.214
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Table B1.10: Prediction formula output and comparison 
 
  
Differences
Ext Vert vs B4 Ext Glob vs B4 Rad vs B4 KT vs B4 SIN AZM_RAD vs B4 ALT vs B4
15.4881 6.2207 13.4081 -15.1308 -3.7797 0.0065 9.9651 26.2 29.2 -3.0 10.3% Good
12.3566 6.3192 13.6012 -15.0634 -3.8304 0.0075 9.9651 23.4 29.7 -6.3 21.3%  
12.9866 6.3544 13.4466 -14.9350 -3.8808 0.0085 9.9651 23.9 30.2 -6.3 20.8%  
15.3308 6.2769 13.4081 -14.8284 -3.9309 0.0097 9.9651 26.2 30.7 -4.5 14.5% Good
14.3094 6.1086 12.9921 -14.6554 -3.9806 0.0109 9.9651 24.8 30.3 -5.6 18.3%  
13.9531 5.9765 12.6605 -14.4978 -4.0300 0.0122 9.9651 24.0 29.3 -5.3 17.9%  
13.3721 5.9194 12.3724 -14.3487 -4.0791 0.0135 9.9651 23.2 28.5 -5.2 18.4%  
13.7077 5.8616 12.3013 -14.2409 -4.1278 0.0150 9.9651 23.5 27.3 -3.8 14.0% Good
11.6213 5.8463 11.8482 -14.0621 -4.1763 0.0165 9.9651 21.1 26.2 -5.1 19.6%  
10.7044 5.9995 12.1251 -14.0221 -4.2243 0.0181 9.9651 20.6 26.0 -5.4 20.7%  
10.5625 6.2348 12.7335 -14.0408 -4.2721 0.0199 9.9651 21.2 26.6 -5.4 20.2%  
12.4137 6.4532 13.0294 -14.0013 -4.3196 0.0217 9.9651 23.6 27.5 -3.9 14.3% Good
12.3002 6.6586 13.6402 -14.0136 -4.3667 0.0236 9.9651 24.2 27.3 -3.1 11.3% Good
12.8623 6.7866 14.0351 -13.9874 -4.4136 0.0256 9.9651 25.3 29.1 -3.9 13.3% Good
12.0269 6.7582 13.7576 -13.8530 -4.4601 0.0277 9.9651 24.2 29.8 -5.5 18.6%  
13.1478 6.6232 13.8364 -13.7770 -4.5063 0.0300 9.9651 25.3 30.0 -4.7 15.5%  
12.7403 6.5098 13.2935 -13.6011 -4.5522 0.0323 9.9651 24.4 30.0 -5.6 18.7%  
13.7077 6.5098 13.2175 -13.5022 -4.5978 0.0348 9.9651 25.3 29.9 -4.5 15.2%  
14.0942 6.5806 13.3698 -13.4416 -4.6431 0.0374 9.9651 26.0 29.7 -3.7 12.4% Good
16.6311 6.6942 13.4466 -13.3692 -4.6881 0.0401 9.9651 28.7 29.6 -0.9 3.1% Good
14.7180 6.7439 13.8759 -13.3528 -4.7329 0.0429 9.9651 27.3 29.8 -2.5 8.5% Good
13.5048 6.7582 13.6012 -13.2265 -4.7773 0.0459 9.9651 25.9 29.9 -4.0 13.5% Good
12.9242 6.7297 13.7183 -13.1623 -4.8215 0.0490 9.9651 25.4 29.9 -4.5 15.0% Good
13.8139 6.7439 13.3316 -13.0202 -4.8653 0.0522 9.9651 26.0 29.7 -3.7 12.4% Good
12.0560 6.8294 13.6792 -12.9936 -4.9089 0.0556 9.9651 24.7 29.8 -5.1 17.2%  
13.9149 7.0077 13.8759 -12.9434 -4.9523 0.0591 9.9651 26.9 30.3 -3.4 11.1% Good
12.7403 7.1577 14.2365 -12.9175 -4.9953 0.0627 9.9651 26.2 30.8 -4.5 14.7% Good
12.7678 7.2791 14.5643 -12.8860 -5.0381 0.0665 9.9651 26.7 31.1 -4.4 14.1% Good
16.1773 7.4360 14.8146 -12.8429 -5.0807 0.0705 9.9651 30.5 31.4 -0.8 2.7% Good
15.3664 7.5995 15.1116 -12.8062 -5.1229 0.0746 9.9651 30.2 30.8 -0.6 1.9% Good
15.2103 7.7480 15.6336 -12.7991 -5.1650 0.0788 9.9651 30.7 32.8 -2.2 6.6% Good
15.1751 7.8114 15.4578 -12.6989 -5.2067 0.0832 9.9651 30.6 33.6 -3.0 9.0% Good
15.8073 7.8185 15.7222 -12.6576 -5.2483 0.0878 9.9651 31.5 34.2 -2.7 8.0% Good
19.7566 7.7551 15.4141 -12.5419 -5.2896 0.0926 9.9651 35.2 34.7 0.5 1.3% Good
16.4256 7.6703 14.9837 -12.4104 -5.3307 0.0975 9.9651 31.4 35.0 -3.6 10.3% Good
15.4092 7.6632 14.8567 -12.3199 -5.3715 0.1026 9.9651 30.3 35.3 -4.9 14.0% Good
14.7521 7.6845 14.9837 -12.2643 -5.4121 0.1078 9.9651 29.8 35.5 -5.7 16.0%  
15.2881 7.7974 15.4578 -12.2542 -5.4525 0.1133 9.9651 30.9 35.9 -5.0 13.8% Good
18.6036 8.0004 15.8112 -12.2275 -5.4927 0.1189 9.9651 34.8 36.4 -1.7 4.6% Good
22.4855 8.2691 16.4476 -12.2345 -5.5327 0.1247 9.9651 39.5 37.4 2.2 5.8% Good
20.7487 8.5445 17.1074 -12.2417 -5.5725 0.1306 9.9651 38.7 38.5 0.2 0.5% Good
22.6265 8.7404 17.4463 -12.2100 -5.6121 0.1368 9.9651 41.1 39.5 1.6 4.0% Good
20.2760 8.8680 17.6921 -12.1676 -5.6515 0.1431 9.9651 39.1 40.3 -1.1 2.8% Good
22.6265 8.9619 17.8911 -12.1202 -5.6907 0.1497 9.9651 41.8 40.8 1.0 2.4% Good
23.7501 9.0542 18.0921 -12.0733 -5.7298 0.1564 9.9651 43.2 41.3 1.9 4.7% Good
23.2096 9.0968 18.2442 -12.0213 -5.7686 0.1633 9.9651 42.9 41.6 1.3 3.1% Good
23.0681 9.1688 18.3975 -11.9699 -5.8073 0.1704 9.9651 43.0 41.9 1.1 2.5% Good
22.6794 9.2690 18.3463 -11.8975 -5.8458 0.1778 9.9651 42.7 42.7 0.0 0.1% Good
29.5031 9.3669 18.7598 -11.8741 -5.8842 0.1853 9.9651 50.0 43.7 6.3 14.5% Good
25.3123 9.4233 19.0226 -11.8349 -5.9224 0.1930 9.9651 46.2 44.4 1.7 3.9% Good
30.5731 9.5282 19.0226 -11.7695 -5.9605 0.2009 9.9651 51.6 45.1 6.4 14.3% Good
24.8774 9.7027 19.4500 -11.7472 -5.9984 0.2091 9.9651 46.5 46.2 0.2 0.5% Good
25.5074 9.9615 20.3878 -11.7728 -6.0362 0.2174 9.9651 48.2 48.3 0.0 0.1% Good
29.5456 10.1800 20.9009 -11.7561 -6.0739 0.2260 9.9651 53.0 50.9 2.1 4.2% Good
31.4318 10.2908 21.4258 -11.7397 -6.1114 0.2347 9.9651 55.5 53.1 2.4 4.5% Good
32.0160 10.3502 21.7824 -11.7079 -6.1488 0.2437 9.9651 56.5 54.6 1.9 3.5% Good
32.4960 10.4205 22.0232 -11.6659 -6.1861 0.2529 9.9651 57.3 55.8 1.6 2.8% Good
35.0618 10.5080 22.2054 -11.6193 -6.2233 0.2623 9.9651 60.2 57.0 3.2 5.6% Good
36.3798 10.5614 22.4504 -11.5782 -6.2604 0.2720 9.9651 61.8 58.2 3.6 6.2% Good
36.8255 10.5557 22.3889 -11.5119 -6.2974 0.2818 9.9651 62.2 58.6 3.6 6.1% Good
37.4422 10.4955 22.0232 -11.4207 -6.3344 0.2919 9.9651 62.5 57.9 4.6 7.9% Good
Formula 
Component X4
Formula Component X5
Formula 
Component X6 Intercept
Formula 
Predicted 
Illuminance
Measured 
Illuminance @ 
Position B4
% of error
Predicted 
Error <10% = 
Good
Predicted vs 
Measurement
Formula 
Component X1
Formula 
Component X2
Formula 
Component X3
Prediction formula output and comparison
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B2.1 Correlation equations plot for Position B4 (clear sky conditions) 
This section provides supplementary information for the regression study in 
Chapter 5.5.3 and 6.3.  The six outdoor measurement variables (X variable) are 
plotted against indoor illuminance level at Position B4 (Y variable).  The 
accuracy of the regression study can be assessed by the R-square value.  This 
appendix uses measurement position B4 as an example, to illustrate the 
correlation relationship between indoor and outdoor measurement variables in 
the test room with the light guiding louvre system installed.  
 
 
Figure B2.1: External vertical illuminance vs indoor il luminance  
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Figure B2.2: External global illuminance vs indoor il luminance  
 
Figure B2.3: Solar radiation vs indoor i lluminance 
y = 1E-05x5 - 0.002x4 + 0.1098x3 - 2.6368x2 + 35.512x - 70.964
R² = 0.9908
0.0
100.0
200.0
300.0
400.0
500.0
600.0
700.0
0.0000 10.0000 20.0000 30.0000 40.0000 50.0000 60.0000 70.0000
In
d
o
o
r 
Il
lu
m
in
a
n
c
e
 L
e
v
e
l 
(l
u
x
)
External Global Illuminance (k lux)
Ext. Global Illuminance vs Indoor Illuminance with light guiding louvre @ Position B4
Correlation Plot
Poly. (Correlation Plot)
y = 2E-40x15.897
R² = 0.9826
0.0
100.0
200.0
300.0
400.0
500.0
600.0
700.0
0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0 400.0 450.0 500.0
In
d
o
o
r 
Il
lu
m
in
a
n
c
e
 L
e
v
e
l 
(l
u
x
)
Solar Radiation (W/m2)
Solar Radiation vs Indoor Illuminance with light guiding louvre @ Position B4
Correlation Plot
Power (Correlation Plot)
P a g e  | 208 
 
Tony Chun Yu Leung           Performance study of a daylight guiding system in an office building 
 
Figure B2.4: Clearness index vs indoor illuminance  
 
Figure B2.5: Sine azimuth in radian vs indoor illuminance  
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Figure B 2.6: Solar altitude vs indoor illuminance  
 B2.2 Correlation equations plot for Position B4 (overcast sky conditions) 
 
Figure B2.7: External vertical illuminance vs indoor il luminance  
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Figure B2.8: External global illuminance vs indoor il luminance 
 
Figure B2.9: Solar radiation vs indoor i lluminance 
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Figure B2.10: Clearness index vs indoor il luminance  
 
Figure B2.11: Sine azimuth in radian vs indoor illuminance  
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Figure B2.12: Solar altitude vs indoor illuminance  
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B3.1  Regression study and residual plot for Position B4  
(clear sky conditions) 
 
Figure B3.1: Regression study summary (clear sky conditions) 
 
SUMMARY OUTPUT Correlation Study of Position B4
 Clear Sky Condition
Regression Statistics 1 Ext Vert vs B4 (PM)
Multiple R 0.998308 2 Ext Glob vs B4 (PM)
R Square 0.996619 3 Rad vs B4 (PM)
Adjusted R Square0.996576 4 KT vs B4 (PM)
Standard Error10.9617 5 SIN AZM_RAD vs B4
Observations 481 6 ALT vs B4
ANOVA
df SS MS F Significance F
Regression 6 16788117 2798019 23286.01 0
Residual 474 56955.28 120.1588
Total 480 16845072
CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%
Intercept 14.41319 7.705622 1.870477 0.062034 -0.72821 29.55459 -0.72821 29.55459
X Variable 10.009983 0.004586 2.176955 0.029977 0.000972 0.018994 0.000972 0.018994
X Variable 2 -0.00212 0.00169 -1.25631 0.209624 -0.00544 0.001197 -0.00544 0.001197
X Variable 3 0.05597 0.028447 1.967543 0.049703 7.29E-05 0.111868 7.29E-05 0.111868
X Variable 4 2.68E-07 2.68E-07 0.997682 0.318943 -2.6E-07 7.95E-07 -2.6E-07 7.95E-07
X Variable 50.847893 0.03737 22.68926 1.05E-77 0.774462 0.921324 0.774462 0.921324
X Variable 60.033694 0.009237 3.647902 0.000294 0.015545 0.051844 0.015545 0.051844
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Figure B3.2: Residual plot for the X variables (clear sky conditions)  
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B3.2 Regression study and residual plot for Position B4  
(overcast sky conditions) 
 
Figure B3.3: Regression study summary (overcast sky conditions)  
  
SUMMARY OUTPUT Overcast Sky Condition Formula
Regression Statistics 1 Ext Vert vs B2 (PM)
Multiple R 0.978248 2 Ext Glob vs B2 (PM)
R Square 0.95697 3 Rad vs B2 (PM)
Adjusted R Square0.956697 4 KT vs B2 (PM)
Standard Error4.230276 5 SIN AZM_RAD vs B2
Observations 952 6 ALT vs B2
ANOVA
df SS MS F Significance F
Regression 6 376093.1 62682.18 3502.73 0
Residual 945 16911 17.89524
Total 951 393004.1
CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%
Intercept 9.96507 2.187674 4.555099 5.92E-06 5.67181 14.25833 5.67181 14.25833
X Variable 10.583717 0.014463 40.35895 8E-208 0.555334 0.612101 0.555334 0.612101
X Variable 20.246479 0.038999 6.320138 4.02E-10 0.169945 0.323014 0.169945 0.323014
X Variable 30.508266 0.049611 10.24511 1.98E-23 0.410906 0.605626 0.410906 0.605626
X Variable 40.000496 5E-05 9.91986 3.94E-22 0.000398 0.000594 0.000398 0.000594
X Variable 5 -0.20189 0.049547 -4.07474 4.99E-05 -0.29912 -0.10466 -0.29912 -0.10466
X Variable 6 -0.00082 0.000267 -3.07598 0.002158 -0.00134 -0.0003 -0.00134 -0.0003
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Figure B3.4: Residual plot for the X variables (overcast sky 
conditions) 
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Appendix C –  
Supplementary information for  
correlation-prediction study at Position B6 
 
This section provides supplementary information for Chapter 5.5.3 and 6.3, 
particular for indoor measurement position B6 in the test room with the light 
guiding louvre system installed.  The simultaneous indoor and outdoor 
illuminance measurements has been organized and calculated in Excel 
spreadsheet programme.  The collected data have been grouped into clear sky 
conditions and overcast sky conditions.  Unused data due to inconsistency, 
equipment errors and occupants activities were excluded.  This appendix 
illustrates how the collected data have been organized. 
 
The datasheet organized all the useable measurements and calculations under 
different titles, they are: weather station data, calculated clearness index, in-situ 
illuminance measurements in the test rooms, correlation formulas substituted 
for regression study, and prediction formula output and comparison.    Due to 
the large amount of per minute data has been logged and processed, all figures 
in this section will only provided data logged from 09:00-10:00 on the measured 
day as an example. 
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C1.1 Data organization for Position B2 under clear sky conditions 
Table C1.1: Weather station data 
 
 
 
Azimuth AZM_RAD SIN(AZM_RAD)
W/m2
2005 176 9:00:00 11.95 46.99 0.8201 0.7312 81.6223 7.8325 468.6
2005 176 9:01:00 12.10 46.81 0.8169 0.7290 82.2514 8.0651 468.5
2005 176 9:02:00 12.24 46.62 0.8137 0.7269 82.7583 8.2703 468.5
2005 176 9:03:00 12.38 46.44 0.8105 0.7246 84.1686 8.5809 468.8
2005 176 9:04:00 12.52 46.25 0.8073 0.7224 84.6874 8.7800 469.2
2005 176 9:05:00 12.67 46.07 0.8041 0.7202 84.9481 9.0748 469.2
2005 176 9:06:00 12.81 45.88 0.8008 0.7179 86.7954 9.4286 469.3
2005 176 9:07:00 12.95 45.70 0.7976 0.7157 87.3306 9.7457 469.1
2005 176 9:08:00 13.09 45.51 0.7944 0.7134 87.4649 10.0447 469.5
2005 176 9:09:00 13.23 45.33 0.7911 0.7111 88.2751 10.4218 469.6
2005 176 9:10:00 13.37 45.14 0.7878 0.7088 89.3671 10.7716 469.6
2005 176 9:11:00 13.51 44.95 0.7846 0.7065 89.7801 11.1114 469.7
2005 176 9:12:00 13.65 44.76 0.7813 0.7042 90.4726 11.5095 469.4
2005 176 9:13:00 13.79 44.58 0.7780 0.7018 90.1949 11.8405 469.8
2005 176 9:14:00 13.92 44.39 0.7747 0.6995 91.3105 12.2239 470.4
2005 176 9:15:00 14.06 44.20 0.7714 0.6971 92.0147 12.5750 470.8
2005 176 9:16:00 14.20 44.01 0.7681 0.6947 92.2979 12.9775 470.7
2005 176 9:17:00 14.33 43.82 0.7647 0.6924 93.5828 13.2915 470.7
2005 176 9:18:00 14.47 43.63 0.7614 0.6899 93.8707 13.6909 471.0
2005 176 9:19:00 14.60 43.43 0.7581 0.6875 94.5943 14.0020 471.2
2005 176 9:20:00 14.74 43.24 0.7547 0.6851 95.0311 14.3287 471.2
2005 176 9:21:00 14.87 43.05 0.7514 0.6826 95.4698 14.6365 471.6
2005 176 9:22:00 15.01 42.86 0.7480 0.6802 95.7634 14.9425 471.8
2005 176 9:23:00 15.14 42.66 0.7446 0.6777 96.0579 15.2971 472.3
2005 176 9:24:00 15.28 42.47 0.7413 0.6752 97.3940 15.6655 472.2
2005 176 9:25:00 15.41 42.28 0.7379 0.6727 97.5436 16.0142 472.1
2005 176 9:26:00 15.54 42.08 0.7345 0.6702 97.3940 16.3597 472.7
2005 176 9:27:00 15.67 41.89 0.7311 0.6677 97.3940 16.7020 472.8
2005 176 9:28:00 15.80 41.69 0.7277 0.6651 99.5083 17.0891 472.6
2005 176 9:29:00 15.93 41.50 0.7242 0.6626 98.2947 17.4716 472.7
2005 176 9:30:00 16.06 41.30 0.7208 0.6600 98.4456 17.8808 472.9
2005 176 9:31:00 16.19 41.10 0.7174 0.6574 98.5968 18.2999 473.3
2005 176 9:32:00 16.32 40.90 0.7139 0.6548 99.2035 18.6827 473.6
2005 176 9:33:00 16.45 40.71 0.7104 0.6522 98.8997 19.0603 474.5
2005 176 9:34:00 16.58 40.51 0.7070 0.6495 100.4279 19.4624 475.1
2005 176 9:35:00 16.71 40.31 0.7035 0.6469 101.6668 19.7858 475.4
2005 176 9:36:00 16.83 40.11 0.7000 0.6442 100.4279 20.0332 476.0
2005 176 9:37:00 16.96 39.91 0.6965 0.6416 101.8227 20.1488 476.3
2005 176 9:38:00 17.08 39.71 0.6930 0.6389 100.4279 20.3644 475.9
2005 176 9:39:00 17.21 39.51 0.6895 0.6362 101.5112 20.5783 475.8
2005 176 9:40:00 17.34 39.31 0.6860 0.6334 101.8227 20.7907 476.3
2005 176 9:41:00 17.46 39.10 0.6825 0.6307 101.9788 20.9876 476.0
2005 176 9:42:00 17.58 38.90 0.6789 0.6280 101.5112 21.2251 476.3
2005 176 9:43:00 17.71 38.70 0.6754 0.6252 102.2918 21.3778 476.0
2005 176 9:44:00 17.83 38.49 0.6718 0.6224 101.8227 21.5849 476.2
2005 176 9:45:00 17.95 38.29 0.6683 0.6196 102.6056 21.8319 476.1
2005 176 9:46:00 18.07 38.09 0.6647 0.6168 102.6056 21.9821 476.3
2005 176 9:47:00 18.19 37.88 0.6611 0.6140 102.6056 22.1724 476.4
2005 176 9:48:00 18.31 37.67 0.6575 0.6112 102.4486 22.3485 476.2
2005 176 9:49:00 18.43 37.47 0.6539 0.6083 102.7629 22.5779 475.8
2005 176 9:50:00 18.55 37.26 0.6503 0.6055 102.7629 22.7661 475.8
2005 176 9:51:00 18.67 37.05 0.6467 0.6026 102.7629 22.9539 475.9
2005 176 9:52:00 18.79 36.85 0.6431 0.5997 102.4486 23.1413 475.9
2005 176 9:53:00 18.91 36.64 0.6395 0.5968 101.5112 23.3419 476.1
2005 176 9:54:00 19.03 36.43 0.6358 0.5938 103.3943 23.5290 475.9
2005 176 9:55:00 19.14 36.22 0.6322 0.5909 103.2361 23.7429 476.0
2005 176 9:56:00 19.26 36.01 0.6285 0.5879 103.2361 23.9436 476.5
2005 176 9:57:00 19.37 35.80 0.6248 0.5850 103.8703 24.1581 476.6
2005 176 9:58:00 19.49 35.59 0.6212 0.5820 103.5527 24.3464 476.6
2005 176 9:59:00 19.60 35.38 0.6175 0.5790 103.5527 24.5217 477.0
2005 176 10:00:00 19.72 35.17 0.6138 0.5760 104.3484 24.7114 477.1
Altitude 
Ext. Vertical 
Illuminance 
(klux)
Ext. Global 
Illuminance 
(klux)
Solar 
Radiation
Deg (0-N)
IN RADIAN IN RADIAN
Weather station data
Year
Julian 
Day
Day / Time
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Table C1.2:  Calculated clearness index 
 
  
Xtraterstial Radiation Clearness Index Diffuse Fraction
711.0481 0.6590 0.4688
713.4783 0.6566 0.4697
715.9073 0.6544 0.4705
718.3349 0.6526 0.4711
720.7610 0.6510 0.4717
723.1857 0.6488 0.4725
725.6088 0.6468 0.4732
728.0303 0.6443 0.4741
730.4501 0.6428 0.4747
732.8682 0.6408 0.4754
735.2845 0.6387 0.4762
737.6990 0.6367 0.4769
740.1115 0.6342 0.4778
742.5220 0.6327 0.4783
744.9304 0.6315 0.4788
747.3368 0.6300 0.4794
749.7409 0.6278 0.4802
752.1428 0.6258 0.4809
754.5423 0.6242 0.4815
756.9394 0.6225 0.4821
759.3340 0.6205 0.4829
761.7261 0.6191 0.4834
764.1155 0.6174 0.4841
766.5023 0.6162 0.4845
768.8862 0.6141 0.4853
771.2673 0.6121 0.4861
773.6454 0.6110 0.4865
776.0206 0.6093 0.4872
778.3926 0.6071 0.4880
780.7614 0.6054 0.4887
783.1270 0.6039 0.4893
785.4892 0.6026 0.4898
787.8479 0.6011 0.4903
790.2032 0.6005 0.4906
792.5548 0.5995 0.4910
794.9028 0.5981 0.4915
797.2470 0.5971 0.4919
799.5872 0.5957 0.4925
801.9236 0.5934 0.4933
804.2558 0.5916 0.4941
806.5839 0.5905 0.4945
808.9078 0.5884 0.4953
811.2273 0.5871 0.4958
813.5424 0.5851 0.4967
815.8530 0.5837 0.4972
818.1589 0.5819 0.4979
820.4601 0.5805 0.4985
822.7565 0.5790 0.4991
825.0479 0.5772 0.4999
827.3343 0.5751 0.5007
829.6156 0.5735 0.5013
831.8916 0.5721 0.5019
834.1623 0.5705 0.5026
836.4275 0.5692 0.5031
838.6872 0.5674 0.5038
840.9413 0.5660 0.5044
843.1895 0.5651 0.5048
845.4319 0.5637 0.5054
847.6683 0.5622 0.5060
849.8986 0.5612 0.5064
852.1226 0.5599 0.5070
y=(1353*(1+(0.33*COS((360*JUL_DAY)/365)))*C
OS(SOL_ZEN*6.2832/360))
Kt=(GLB_RAD / 
Xtraterstal)
d=0.029+(0.937/(1+(
kt/0.583)))
Clearness index
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Table C1.3:  In-situ il luminance measurements in the test rooms  
 
  
Position Position Position Position Position Position Position Position Position Position Position Position
B_2 B_4 B_6 L_2 L_4 L_6 B_2 B_4 B_6 L_2 L_4 L_6
1552.0 403.8 151.7 1607.0 507.7 207.1 4539 4121 4147 4216 4313 4176
1566.0 407.0 152.8 1604.0 510.7 208.2 4549 4129 4155 4229 4323 4185
1579.0 409.7 153.8 1599.0 513.0 209.0 4560 4136 4162 4241 4330 4192
1596.0 411.9 154.6 1586.0 514.7 209.6 4563 4144 4169 4257 4339 4200
1680.0 414.3 155.6 1560.0 516.5 210.3 4398 4154 4176 4279 4347 4208
1624.0 417.5 156.9 1522.0 519.4 211.3 3856 4165 4183 4304 4357 4217
1654.0 420.5 158.3 1479.0 521.4 212.0 3364 4174 4188 4325 4365 4225
1667.0 423.4 159.5 1446.0 523.5 212.8 3420 4182 4191 4345 4372 4231
1641.0 426.5 160.8 1423.0 525.7 213.6 3809 4191 4196 4365 4381 4238
1677.0 429.4 162.1 1408.0 527.9 214.4 4281 4200 4201 4385 4389 4246
1728.0 432.2 163.2 1398.0 529.3 214.9 4612 4209 4206 4402 4396 4253
1714.0 435.5 164.5 1393.0 530.7 215.4 4671 4218 4211 4416 4404 4260
1726.0 438.8 165.7 1393.0 532.4 216.1 4679 4227 4217 4430 4413 4268
1738.0 442.0 166.8 1394.0 533.9 216.7 4687 4236 4223 4442 4422 4275
1745.0 445.1 168.0 1397.0 535.2 217.2 4694 4245 4230 4455 4431 4283
1750.0 448.2 169.1 1401.0 537.0 217.8 4702 4254 4235 4469 4439 4291
1755.0 451.0 170.1 1402.0 538.3 218.3 4709 4262 4241 4482 4447 4298
1764.0 454.0 171.1 1403.0 539.4 218.7 4716 4270 4246 4496 4455 4305
1775.0 457.3 172.3 1404.0 540.8 219.3 4724 4278 4250 4510 4462 4311
1785.0 460.5 173.4 1406.0 542.1 219.7 4730 4285 4253 4520 4469 4318
1796.0 464.0 174.7 1411.0 543.8 220.3 4739 4294 4258 4530 4478 4325
1806.0 467.1 175.8 1414.0 545.1 220.8 4746 4302 4263 4540 4484 4330
1816.0 470.2 176.9 1417.0 546.6 221.2 4755 4311 4268 4552 4491 4337
1827.0 473.7 178.1 1420.0 548.6 221.8 4761 4318 4272 4562 4496 4341
1839.0 477.2 179.3 1422.0 550.5 222.4 4769 4326 4277 4572 4503 4347
1848.0 479.9 180.3 1421.0 551.5 222.7 4777 4333 4281 4582 4508 4352
1859.0 483.2 181.5 1422.0 553.1 223.2 4785 4342 4286 4593 4516 4358
1870.0 486.4 182.7 1420.0 554.5 223.6 4792 4350 4291 4602 4521 4364
1882.0 489.8 183.9 1420.0 556.0 224.1 4800 4359 4297 4611 4528 4369
1892.0 492.6 184.8 1419.0 557.0 224.3 4807 4367 4303 4620 4534 4375
1901.0 495.2 185.5 1418.0 557.9 224.5 4814 4375 4311 4628 4541 4380
1911.0 498.0 186.2 1419.0 559.1 224.8 4822 4383 4321 4637 4548 4386
1921.0 500.7 186.9 1421.0 559.9 225.1 4831 4392 4331 4644 4554 4392
1930.0 503.2 187.5 1422.0 560.3 225.2 4837 4399 4339 4652 4560 4397
1941.0 506.0 188.3 1424.0 561.1 225.4 4845 4407 4348 4660 4566 4402
1952.0 509.1 189.1 1426.0 561.6 225.6 4853 4415 4356 4668 4573 4409
1960.0 511.2 189.7 1426.0 560.9 225.4 4859 4421 4364 4675 4579 4414
1970.0 513.8 190.4 1426.0 560.9 225.4 4868 4430 4373 4683 4586 4420
1979.0 516.3 191.1 1426.0 560.7 225.5 4877 4438 4383 4691 4591 4425
1988.0 518.7 191.6 1424.0 560.3 225.4 4885 4447 4393 4697 4596 4431
1995.0 520.8 192.1 1420.0 559.2 225.1 4891 4455 4402 4703 4601 4436
2003.0 523.2 192.6 1417.0 558.4 224.9 4899 4463 4412 4710 4607 4441
2010.0 525.1 192.9 1413.0 557.5 224.7 4906 4471 4420 4715 4613 4446
2018.0 527.0 193.1 1411.0 557.3 224.6 4914 4480 4430 4722 4619 4453
2025.0 528.9 193.3 1410.0 556.9 224.5 4923 4491 4441 4729 4626 4459
2032.0 530.0 193.5 1408.0 556.5 224.4 4930 4502 4451 4735 4632 4465
2038.0 531.6 193.7 1407.0 556.2 224.4 4938 4508 4461 4741 4638 4471
2044.0 534.6 194.1 1405.0 556.0 224.4 4946 4517 4469 4746 4643 4475
2052.0 536.6 194.7 1405.0 556.2 224.6 4953 4528 4478 4752 4650 4481
2061.0 537.7 195.3 1406.0 556.5 224.7 4963 4536 4487 4760 4657 4488
2068.0 538.4 195.8 1404.0 556.1 224.6 4970 4542 4495 4766 4663 4494
2076.0 540.4 196.4 1404.0 556.0 224.6 4978 4549 4503 4772 4670 4500
2084.0 542.7 197.1 1404.0 555.8 224.6 4984 4555 4508 4777 4676 4506
2092.0 545.3 197.9 1403.0 555.6 224.5 4991 4562 4514 4783 4681 4511
2101.0 548.0 198.8 1403.0 555.8 224.6 4999 4569 4521 4789 4687 4516
2107.0 549.0 199.2 1403.0 555.4 224.6 5005 4576 4527 4794 4693 4521
2113.0 550.2 199.7 1402.0 554.8 224.5 5014 4584 4533 4801 4700 4528
2120.0 551.4 200.1 1401.0 554.0 224.2 5022 4592 4540 4807 4707 4534
2125.0 552.8 200.6 1400.0 553.1 224.0 5029 4599 4546 4812 4712 4538
2132.0 554.9 201.4 1400.0 552.7 223.8 5036 4607 4551 4818 4717 4543
2133.0 555.5 201.6 1396.0 550.5 223.1 5039 4611 4554 4819 4719 4544
Indoor Illuminance  (lux) Colour Temperature (k)
In-situ measurements
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Table C1.4:  Correlation formulas substituted for regression study 
 
 
 
Ext Vert vs B6 (PM) Ext Glob vs B6 (PM) Rad vs B6 (PM) KT vs B6 (PM) SIN AZM_RAD vs B6 ALT vs B6
384.2490 39.2641 224.6989 -14494523.93 155.1409 86.64
394.0171 40.2729 223.9934 -14365269.03 156.2079 88.28
402.0473 41.1329 223.9934 -14245374.49 157.2634 89.99
425.1568 42.3849 226.1160 -14149423.72 158.3076 91.78
433.9468 43.1575 228.9754 -14062068.24 159.3406 93.65
438.4216 44.2621 228.9754 -13946616.08 160.3623 95.60
471.2901 45.5287 229.6955 -13839985.22 161.3728 97.63
481.1962 46.6148 228.2574 -13713343.31 162.3723 99.75
483.7098 47.5999 231.1420 -13631003.02 163.3607 101.96
499.1085 48.7940 231.8684 -13528603.85 164.3382 104.26
520.5096 49.8588 231.8684 -13420614.45 165.3049 106.66
528.7992 50.8583 232.5970 -13320983.78 166.2608 109.15
542.9447 51.9917 230.4177 -13195390.29 167.2061 111.75
537.2365 52.9082 233.3277 -13118892.18 168.1408 114.46
560.4770 53.9451 237.7570 -13056747.85 169.0650 117.27
575.5655 54.8760 240.7533 -12981995.30 169.9788 120.19
581.7254 55.9269 240.0010 -12875129.17 170.8824 123.23
610.3517 56.7379 240.0010 -12776263.11 171.7759 126.38
616.9192 57.7633 242.2646 -12698155.60 172.6593 129.64
633.6753 58.5598 243.7848 -12614580.65 173.5328 133.03
643.9644 59.3972 243.7848 -12519310.75 174.3965 136.54
654.4336 60.1893 246.8518 -12450577.93 175.2505 140.17
661.5144 60.9816 248.3988 -12370119.02 176.0950 143.93
668.6775 61.9084 252.3058 -12309346.00 176.9301 147.83
701.9512 62.8840 251.5198 -12212210.71 177.7560 151.85
705.7556 63.8217 250.7362 -12116374.79 178.5727 156.00
701.9512 64.7671 255.4726 -12064293.40 179.3805 160.30
701.9512 65.7216 256.2700 -11982655.20 180.1794 164.73
757.2450 66.8248 254.6774 -11884133.17 180.9696 169.30
725.1078 67.9424 255.4726 -11804695.96 181.7513 174.01
729.0451 69.1705 257.0698 -11732134.74 182.5247 178.87
733.0050 70.4657 260.2923 -11672132.31 183.2898 183.87
749.0727 71.6838 262.7338 -11607050.23 184.0469 189.02
740.9930 72.9201 270.1870 -11577293.64 184.7961 194.32
782.3277 74.2762 275.2648 -11530701.09 185.5376 199.78
817.1281 75.3972 277.8369 -11467580.14 186.2716 205.38
782.3277 76.2734 283.0485 -11422171.81 186.9982 211.15
821.5901 76.6888 285.6883 -11360444.42 187.7177 217.07
782.3277 77.4729 282.1736 -11260489.33 188.4301 223.15
812.6913 78.2638 281.3013 -11178441.07 189.1357 229.39
821.5901 79.0618 285.6883 -11130290.73 189.8347 235.79
826.0773 79.8128 283.0485 -11039206.28 190.5272 242.36
812.6913 80.7333 285.6883 -10981661.72 191.2135 249.09
835.1281 81.3339 283.0485 -10892704.34 191.8936 256.00
821.5901 82.1593 284.8058 -10831441.50 192.5679 263.07
844.2817 83.1600 283.9259 -10755122.11 193.2366 270.31
844.2817 83.7771 285.6883 -10695449.40 193.8997 277.72
844.2817 84.5689 286.5734 -10631310.78 194.5575 285.31
839.6920 85.3108 284.8058 -10552512.44 195.2102 293.08
848.8974 86.2909 281.3013 -10464525.41 195.8580 301.02
848.8974 87.1070 281.3013 -10397949.11 196.5011 309.14
848.8974 87.9315 282.1736 -10337226.25 197.1398 317.44
839.6920 88.7649 282.1736 -10272256.68 197.7741 325.93
812.6913 89.6682 283.9259 -10218003.28 198.4042 334.59
867.6222 90.5216 282.1736 -10144724.02 199.0305 343.44
862.9014 91.5097 283.0485 -10087022.49 199.6531 352.48
862.9014 92.4493 287.4609 -10049442.94 200.2722 361.71
881.9449 93.4667 288.3511 -9993013.23 200.8880 371.12
872.3696 94.3705 288.3511 -9932482.47 201.5007 380.72
872.3696 95.2219 291.9374 -9891740.61 202.1104 390.52
896.5110 96.1527 292.8405 -9837293.95 202.7175 400.50
Correlation equations substituted for regression study
y = 0.0018x3 - 
0.1654x2 + 6.378x - 
13.222
y = 6E-06x5 - 0.0009x4 
+ 0.051x3 - 1.2443x2 + 
16.139x - 32.105
y = 1E-37x14.734
y = 8E+07x6 - 3E+08x5 + 
4E+08x4 - 3E+08x3 + 
1E+08x2 - 3E+07x + 
3E+06
y = -1172.2x6 + 70.473x5 
+ 1204x4 - 189.38x3 - 
572.15x2 + 134.06x + 
257.32
y = 4E-05x6 - 0.003x5 + 
0.0964x4 - 1.4634x3 + 
10.585x2 - 25.5x + 25.792
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Table C1.5: Prediction formula output and comparison 
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C1.2 Data organization for Position B6 under overcast sky conditions 
Table C1.6: Weather station data 
 
 
 
Azimuth AZM_RAD SIN(AZM_RAD)
W/m2
2005 184 09:00:58 12.06 47.55 0.8299 0.7379 3.4141 12.5048 423.3
2005 184 09:01:58 12.21 47.37 0.8267 0.7357 3.1659 12.7502 423.8
2005 184 09:02:57 12.35 47.18 0.8235 0.7335 3.2145 12.8377 423.4
2005 184 09:03:57 12.49 47.00 0.8203 0.7313 3.4012 12.6451 423.3
2005 184 09:04:59 12.64 46.82 0.8171 0.7292 3.3188 12.2239 422.2
2005 184 09:05:58 12.78 46.63 0.8139 0.7269 3.2904 11.8915 421.3
2005 184 09:06:58 12.92 46.45 0.8106 0.7247 3.2446 11.7472 420.5
2005 184 09:07:57 13.07 46.26 0.8074 0.7225 3.2710 11.6011 420.3
2005 184 09:08:57 13.21 46.07 0.8041 0.7202 3.1099 11.5623 419
2005 184 09:09:58 13.35 45.89 0.8009 0.7180 3.0412 11.9496 419.8
2005 184 09:10:58 13.49 45.70 0.7976 0.7157 3.0307 12.5399 421.5
2005 184 09:11:58 13.63 45.51 0.7943 0.7134 3.1703 13.0823 422.3
2005 184 09:12:57 13.77 45.32 0.7911 0.7111 3.1616 13.5869 423.9
2005 184 09:13:57 13.91 45.14 0.7878 0.7088 3.2049 13.8984 424.9
2005 184 09:14:58 14.05 44.95 0.7845 0.7065 3.1407 13.8293 424.2
2005 184 09:15:58 14.19 44.76 0.7812 0.7041 3.2271 13.5001 424.4
2005 184 09:16:58 14.33 44.57 0.7779 0.7018 3.1954 13.2218 423
2005 184 09:17:57 14.47 44.38 0.7745 0.6994 3.2710 13.2218 422.8
2005 184 09:18:59 14.60 44.19 0.7712 0.6970 3.3016 13.3959 423.2
2005 184 09:19:58 14.74 44.00 0.7679 0.6946 3.5090 13.6736 423.4
2005 184 09:20:58 14.88 43.80 0.7645 0.6922 3.3515 13.7948 424.5
2005 184 09:21:57 15.01 43.61 0.7612 0.6898 3.2550 13.8293 423.8
2005 184 09:22:57 15.15 43.42 0.7578 0.6873 3.2097 13.7602 424.1
2005 184 09:23:59 15.28 43.23 0.7544 0.6849 3.2794 13.7948 423.1
2005 184 09:24:58 15.42 43.03 0.7510 0.6824 3.1429 14.0020 424
2005 184 09:25:58 15.55 42.84 0.7477 0.6799 3.2874 14.4315 424.5
2005 184 09:26:57 15.68 42.64 0.7443 0.6774 3.1954 14.7897 425.4
2005 184 09:27:57 15.82 42.45 0.7408 0.6749 3.1976 15.0779 426.2
2005 184 09:28:57 15.95 42.25 0.7374 0.6724 3.4710 15.4482 426.8
2005 184 09:29:58 16.08 42.06 0.7340 0.6699 3.4041 15.8319 427.5
2005 184 09:30:58 16.21 41.86 0.7306 0.6673 3.3914 16.1791 428.7
2005 184 09:31:57 16.34 41.66 0.7271 0.6647 3.3885 16.3270 428.3
2005 184 09:32:57 16.47 41.46 0.7237 0.6621 3.4404 16.3433 428.9
2005 184 09:33:58 16.60 41.27 0.7202 0.6596 3.7818 16.1956 428.2
2005 184 09:34:58 16.73 41.07 0.7168 0.6569 3.4917 15.9976 427.2
2005 184 09:35:57 16.86 40.87 0.7133 0.6543 3.4077 15.9811 426.9
2005 184 09:36:57 16.99 40.67 0.7098 0.6517 3.3543 16.0307 427.2
2005 184 09:37:57 17.12 40.47 0.7063 0.6490 3.3978 16.2942 428.3
2005 184 09:38:59 17.25 40.27 0.7028 0.6464 3.6787 16.7668 429.1
2005 184 09:39:58 17.37 40.07 0.6993 0.6437 4.0385 17.3923 430.5
2005 184 09:40:58 17.50 39.86 0.6958 0.6410 3.8729 18.0368 431.9
2005 184 09:41:57 17.63 39.66 0.6922 0.6383 4.0523 18.4996 432.6
2005 184 09:42:57 17.75 39.46 0.6887 0.6355 3.8292 18.8041 433.1
2005 184 09:43:59 17.88 39.26 0.6852 0.6328 4.0523 19.0302 433.5
2005 184 09:44:58 18.00 39.05 0.6816 0.6300 4.1642 19.2546 433.9
2005 184 09:45:58 18.12 38.85 0.6780 0.6273 4.1099 19.3587 434.2
2005 184 09:46:57 18.25 38.64 0.6745 0.6245 4.0958 19.5362 434.5
2005 184 09:47:57 18.37 38.44 0.6709 0.6217 4.0575 19.7858 434.4
2005 184 09:48:58 18.49 38.23 0.6673 0.6189 4.8065 20.0332 435.2
2005 184 09:49:58 18.61 38.03 0.6637 0.6160 4.3264 20.1776 435.7
2005 184 09:50:58 18.73 37.82 0.6601 0.6132 4.9419 20.4501 435.7
2005 184 09:51:57 18.85 37.61 0.6565 0.6103 4.2805 20.9175 436.5
2005 184 09:52:57 18.97 37.40 0.6528 0.6074 4.3472 21.6537 438.2
2005 184 09:53:59 19.09 37.20 0.6492 0.6046 4.8117 22.3350 439.1
2005 184 09:54:58 19.21 36.99 0.6456 0.6016 5.0551 22.7124 440
2005 184 09:55:58 19.33 36.78 0.6419 0.5987 5.1347 22.9271 440.6
2005 184 09:56:57 19.45 36.57 0.6382 0.5958 5.2018 23.1949 441
2005 184 09:57:57 19.56 36.36 0.6346 0.5928 5.5900 23.5557 441.3
2005 184 09:58:58 19.68 36.15 0.6309 0.5899 5.8131 23.7964 441.7
2005 184 09:59:58 19.80 35.94 0.6272 0.5869 5.8930 23.7696 441.6
2005 184 10:00:57 19.91 35.72 0.6235 0.5839 6.0079 23.5023 441
Altitude 
Ext. Vertical 
Illuminance 
(klux)
Ext. Global 
Illuminance 
(klux)
Solar 
Radiation
Deg (0-N)
IN RADIAN IN RADIAN
Weather station data
Year
Julian 
Day
Day / Time
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Table C1.7:  Calculated clearness index 
 
 
Xtraterstial Radiation Clearness Index Diffuse Fraction
1137.1818 0.3722 0.6009
1141.1449 0.3714 0.6014
1145.1062 0.3697 0.6024
1149.0655 0.3684 0.6032
1153.0227 0.3662 0.6045
1156.9777 0.3641 0.6058
1160.9306 0.3622 0.6069
1164.8811 0.3608 0.6078
1168.8291 0.3585 0.6092
1172.7746 0.3580 0.6095
1176.7175 0.3582 0.6094
1180.6576 0.3577 0.6097
1184.5949 0.3578 0.6096
1188.5293 0.3575 0.6098
1192.4605 0.3557 0.6109
1196.3887 0.3547 0.6115
1200.3135 0.3524 0.6130
1204.2350 0.3511 0.6138
1208.1530 0.3503 0.6143
1212.0674 0.3493 0.6149
1215.9780 0.3491 0.6151
1219.8848 0.3474 0.6161
1223.7877 0.3465 0.6167
1227.6864 0.3446 0.6179
1231.5810 0.3443 0.6181
1235.4712 0.3436 0.6185
1239.3570 0.3432 0.6188
1243.2382 0.3428 0.6190
1247.1146 0.3422 0.6194
1250.9863 0.3417 0.6197
1254.8529 0.3416 0.6198
1258.7145 0.3403 0.6207
1262.5708 0.3397 0.6210
1266.4217 0.3381 0.6221
1270.2671 0.3363 0.6232
1274.1069 0.3351 0.6240
1277.9408 0.3343 0.6245
1281.7688 0.3341 0.6246
1285.5907 0.3338 0.6249
1289.4064 0.3339 0.6248
1293.2156 0.3340 0.6247
1297.0184 0.3335 0.6250
1300.8144 0.3329 0.6254
1304.6036 0.3323 0.6258
1308.3858 0.3316 0.6263
1312.1609 0.3309 0.6267
1315.9286 0.3302 0.6272
1319.6888 0.3292 0.6279
1323.4414 0.3288 0.6281
1327.1862 0.3283 0.6284
1330.9231 0.3274 0.6291
1334.6518 0.3271 0.6293
1338.3722 0.3274 0.6290
1342.0841 0.3272 0.6292
1345.7874 0.3269 0.6293
1349.4818 0.3265 0.6296
1353.1673 0.3259 0.6300
1356.8436 0.3252 0.6305
1360.5105 0.3247 0.6308
1364.1679 0.3237 0.6315
1367.8156 0.3224 0.6323
y=(1353*(1+(0.33*COS((360*JUL_DAY)/365)))*C
OS(SOL_ZEN*6.2832/360))
Kt=(GLB_RAD / 
Xtraterstal)
d=0.029+(0.937/(1+(
kt/0.583)))
Clearness index
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Table C1.8:  In-situ il luminance measurements in the test rooms 
 
 
Position Position Position Position Position Position Position Position Position Position Position Position
B_2 B_4 B_6 L_2 L_4 L_6 B_2 B_4 B_6 L_2 L_4 L_6
113.7 29.2 12.8 63.4 27.5 13.6 5979 5461 5355 5437 5361 5100
115.3 29.7 12.9 64.4 27.9 13.8 5975 5455 5348 5433 5355 5094
117.5 30.2 13.2 65.4 28.3 14.0 5967 5445 5339 5430 5347 5085
119.5 30.7 13.4 66.4 28.7 14.2 5959 5435 5331 5433 5345 5083
117.8 30.3 13.3 66.4 28.6 14.2 5961 5433 5329 5442 5352 5087
113.8 29.3 13.0 65.9 28.2 14.1 5970 5435 5329 5449 5355 5087
110.8 28.5 12.7 65.2 27.8 14.0 5973 5436 5328 5450 5355 5085
106.9 27.3 12.3 61.8 27.2 13.8 5979 5442 5332 5255 5361 5087
103.2 26.2 12.0 63.4 26.8 13.7 5982 5448 5337 5456 5365 5089
102.9 26.0 11.9 63.5 26.7 13.7 5985 5455 5342 5442 5359 5085
105.9 26.6 12.2 64.0 26.9 13.8 5996 5467 5347 5431 5352 5078
109.4 27.5 12.5 64.5 27.3 14.0 6011 5476 5352 5424 5344 5071
111.5 27.3 12.8 64.5 27.7 14.1 6027 5280 5357 5424 5340 5067
112.9 29.1 13.1 63.9 28.0 14.3 6033 5484 5356 5429 5341 5068
113.7 29.8 13.3 62.8 28.2 14.3 6031 5481 5352 5438 5347 5073
113.8 30.0 13.4 62.0 28.2 14.3 6036 5482 5353 5451 5356 5080
113.6 30.0 13.4 62.0 28.2 14.3 6044 5485 5355 5463 5364 5086
113.5 29.9 13.4 62.8 28.2 14.3 6051 5486 5354 5472 5367 5088
113.5 29.7 13.3 62.0 28.3 14.4 6055 5486 5352 5282 5368 5088
114.4 29.6 13.3 66.0 28.4 14.5 6050 5483 5348 5476 5365 5085
116.1 29.8 13.4 67.5 28.6 14.5 6040 5478 5344 5473 5363 5085
117.3 29.9 13.4 65.6 28.7 14.6 6031 5473 5341 5269 5363 5086
117.1 29.9 13.4 68.2 28.7 14.6 6028 5472 5342 5474 5367 5091
116.3 29.7 13.4 68.0 28.8 14.6 6031 5473 5343 5477 5371 5094
117.0 29.8 13.4 68.1 28.9 14.7 6038 5476 5345 5479 5371 5095
119.5 30.3 13.6 68.9 29.3 14.9 6042 5478 5347 5478 5367 5094
122.0 30.8 13.8 70.0 29.6 15.0 6039 5475 5345 5473 5363 5091
123.3 31.1 14.0 70.9 29.9 15.2 6039 5473 5343 5468 5358 5087
124.0 31.4 14.1 71.6 30.3 15.4 6044 5475 5342 5464 5355 5084
125.9 30.8 14.3 72.3 30.9 15.6 6042 5278 5339 5458 5350 5080
129.7 32.8 14.7 73.9 31.7 15.9 6023 5463 5329 5447 5344 5074
133.4 33.6 14.9 75.8 32.4 16.2 6004 5453 5324 5440 5340 5073
136.1 34.2 15.1 77.3 32.9 16.4 5995 5449 5321 5442 5342 5075
138.3 34.7 15.3 78.6 33.4 16.6 5987 5445 5319 5445 5346 5080
139.9 35.0 15.5 79.6 33.8 16.8 5981 5444 5319 5447 5350 5084
141.1 35.3 15.6 80.6 34.2 17.0 5976 5444 5320 5446 5353 5087
142.2 35.5 15.7 81.6 34.6 17.2 5976 5445 5322 5446 5354 5089
143.3 35.9 15.8 82.7 35.0 17.4 5979 5447 5322 5443 5352 5087
145.1 36.4 16.1 84.0 35.7 17.8 5980 5446 5321 5435 5345 5080
148.4 37.4 16.5 85.8 36.5 18.2 5972 5439 5314 5420 5332 5069
152.5 38.5 16.9 87.8 37.4 18.7 5955 5425 5303 5404 5317 5057
156.2 39.5 17.4 89.5 38.2 19.1 5941 5414 5293 5391 5305 5048
158.7 40.3 17.7 90.8 38.8 19.4 5931 5405 5287 5381 5297 5041
160.5 40.8 18.0 91.7 39.3 19.6 5926 5400 5282 5375 5290 5035
162.0 41.3 18.2 92.3 39.8 19.9 5923 5396 5279 5371 5285 5031
163.2 41.6 18.3 92.9 40.2 20.0 5922 5393 5277 5370 5282 5028
164.7 41.9 18.4 93.9 40.7 20.3 5923 5391 5276 5366 5277 5025
168.1 42.7 18.8 95.6 41.4 20.6 5914 5385 5272 5358 5269 5019
172.6 43.7 19.2 97.8 42.1 21.0 5904 5380 5268 5351 5265 5014
176.1 44.4 19.5 99.9 42.8 21.3 5897 5378 5265 5345 5261 5010
178.9 45.1 19.8 102.0 43.5 21.6 5892 5376 5261 5332 5255 5005
183.2 46.2 20.3 104.2 44.4 22.1 5884 5368 5253 5319 5243 4994
191.3 48.3 21.1 107.1 45.6 22.7 5864 5352 5238 5302 5225 4980
202.3 50.9 22.1 111.0 47.0 23.4 5836 5331 5218 5286 5209 4967
211.5 53.1 23.0 114.3 48.3 24.0 5816 5314 5204 5279 5199 4958
217.1 54.6 23.5 117.0 49.5 24.5 5805 5301 5193 5274 5190 4951
221.7 55.8 24.0 119.5 50.5 25.0 5796 5290 5184 5269 5181 4943
227.0 57.0 24.5 122.5 51.7 25.6 5785 5278 5172 5261 5171 4933
233.3 58.2 25.0 125.9 52.7 26.1 5770 5267 5160 5252 5162 4924
237.1 58.6 25.3 128.5 53.3 26.3 5759 5260 5153 5248 5160 4921
234.9 57.9 25.0 129.3 53.2 26.3 5761 5262 5154 5250 5164 4923
Indoor Illuminance  (lux) Colour Temperature (k)
In-situ measurements
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Table C1.9:  Correlation formulas substituted for regression study 
 
 
Ext Vert vs B6 Ext Glob vs B6 Rad vs B6 KT vs B6 SIN AZM_RAD vs B6 ALT vs B6
12.0838 13.2415 14.4835 -8835.6004 8.4584 10.76
9.8315 13.5368 14.6780 -8790.1325 8.5696 11.15
10.2839 13.6438 14.5222 -8703.3341 8.6801 11.56
11.9704 13.4095 14.4835 -8631.1798 8.7898 11.97
11.2350 12.9119 14.0638 -8513.8695 8.8987 12.40
10.9786 12.5329 13.7287 -8406.8698 9.0069 12.84
10.5609 12.3717 13.4370 -8305.4838 9.1144 13.29
10.8021 12.2106 13.3649 -8232.0904 9.2212 13.76
9.3038 12.1682 12.9051 -8110.2736 9.3272 14.23
8.6465 12.5983 13.1863 -8082.9624 9.4325 14.72
8.5448 13.2833 13.8025 -8095.7469 9.5371 15.21
9.8724 13.9481 14.1015 -8068.7645 9.6410 15.72
9.7909 14.6004 14.7172 -8077.1946 9.7442 16.25
10.1946 15.0207 15.1144 -8059.3201 9.8467 16.78
9.5948 14.9263 14.8353 -7967.5298 9.9485 17.33
10.3997 14.4858 14.9146 -7915.6292 10.0496 17.88
10.1070 14.1251 14.3679 -7795.3654 10.1501 18.46
10.8021 14.1251 14.2913 -7727.6882 10.2499 19.04
11.0801 14.3494 14.4449 -7686.1740 10.3490 19.64
12.9082 14.7160 14.5222 -7636.5864 10.4475 20.25
11.5291 14.8793 14.9543 -7625.3705 10.5453 20.87
10.6563 14.9263 14.6780 -7538.8179 10.6425 21.51
10.2390 14.8324 14.7959 -7494.7956 10.7391 22.16
10.8785 14.8793 14.4063 -7397.3726 10.8350 22.82
9.6156 15.1635 14.7565 -7379.1525 10.9304 23.50
10.9512 15.7732 14.9543 -7344.7177 11.0251 24.20
10.1070 16.3041 15.3166 -7326.9417 11.1193 24.91
10.1267 16.7465 15.6453 -7305.2870 11.2129 25.64
12.5808 17.3361 15.8960 -7275.7535 11.3059 26.38
11.9961 17.9731 16.1931 -7250.5399 11.3984 27.14
11.8836 18.5732 16.7143 -7245.6626 11.4903 27.91
11.8583 18.8357 16.5389 -7176.8924 11.5816 28.70
12.3139 18.8651 16.8026 -7148.5556 11.6725 29.51
15.1695 18.6022 16.4953 -7069.0965 11.7628 30.34
12.7599 18.2566 16.0652 -6978.7272 11.8527 31.18
12.0269 18.2281 15.9381 -6916.6294 11.9420 32.05
11.5536 18.3138 16.0652 -6878.4198 12.0309 32.93
11.9397 18.7771 16.5389 -6871.4767 12.1193 33.84
14.3341 19.6427 16.8914 -6853.1056 12.2072 34.76
17.1535 20.8591 17.5248 -6857.9577 12.2947 35.70
15.8897 22.2013 18.1797 -6862.8640 12.3817 36.67
17.2563 23.2236 18.5155 -6841.1191 12.4684 37.65
15.5464 23.9237 18.7588 -6812.0170 12.5546 38.66
17.2563 24.4583 18.9555 -6779.4351 12.6405 39.69
18.0763 25.0011 19.1541 -6747.1846 12.7259 40.75
17.6816 25.2571 19.3043 -6711.5199 12.8110 41.82
17.5783 25.7001 19.4556 -6676.2174 12.8958 42.92
17.2949 26.3365 19.4050 -6626.4509 12.9802 44.05
22.3086 26.9831 19.8127 -6610.3803 13.0642 45.20
19.2197 27.3682 20.0715 -6583.4813 13.1480 46.37
23.1033 28.1097 20.0715 -6538.5838 13.2314 47.57
18.9010 29.4280 20.4919 -6523.2577 13.3146 48.79
19.3627 31.6281 21.4122 -6540.8162 13.3974 50.05
22.3401 33.8031 21.9145 -6529.3883 13.4801 51.32
23.7432 35.0671 22.4275 -6518.1329 13.5624 52.63
24.1797 35.8056 22.7755 -6496.2581 13.6446 53.96
24.5390 36.7462 23.0103 -6467.4726 13.7265 55.32
26.4731 38.0493 23.1878 -6435.4328 13.8081 56.71
27.4767 38.9411 23.4264 -6407.2817 13.8896 58.12
27.8180 38.8410 23.3666 -6361.7802 13.9709 59.57
28.2919 37.8537 23.0103 -6299.2113 14.0521 61.04
Correlation equations substituted for regression study
y = 0.0506x3 - 
1.6311x2 + 18.163x - 
32.928
y = 7E-07x5 - 0.0001x4 + 
0.0079x3 - 0.1589x2 + 
2.1538x - 2.0605
y = 3E-
29x11.301
y = 2E+06x5 - 3E+06x4 + 
2E+06x3 - 803941x2 + 
140856x - 9723.9
y = -99.053x6 + 20.253x5 
+ 97.515x4 - 29.141x3 - 
47.832x2 + 9.6189x + 
21.76
y = -7E-06x6 + 0.0007x5 - 
0.0256x4 + 0.4647x3 - 
4.2206x2 + 17.99x - 22.954
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Table C1.10: Prediction formula output and comparison 
 
Differences
Ext Vert vs B6 Ext Glob vs B6 Rad vs B6 KT vs B6 SIN AZM_RAD vs B6 ALT vs B6
5.0446 1.1398 8.0417 -6.6771 -2.2156 0.0287 6.4775 11.8 12.8 -0.9 7.1% Good
4.1043 1.1652 8.1497 -6.6428 -2.2447 0.0297 6.4775 11.0 12.9 -1.9 14.7% Good
4.2932 1.1744 8.0632 -6.5772 -2.2736 0.0308 6.4775 11.2 13.2 -2.0 15.0%  
4.9973 1.1543 8.0417 -6.5226 -2.3024 0.0319 6.4775 11.9 13.4 -1.5 11.1% Good
4.6902 1.1114 7.8086 -6.4340 -2.3309 0.0330 6.4775 11.4 13.3 -1.9 14.5% Good
4.5832 1.0788 7.6226 -6.3531 -2.3592 0.0342 6.4775 11.1 13.0 -1.9 14.5% Good
4.4089 1.0649 7.4606 -6.2765 -2.3874 0.0354 6.4775 10.8 12.7 -1.9 15.0%  
4.5095 1.0511 7.4206 -6.2210 -2.4154 0.0366 6.4775 10.9 12.3 -1.5 11.9% Good
3.8841 1.0474 7.1653 -6.1290 -2.4431 0.0379 6.4775 10.0 12.0 -1.9 16.3%  
3.6096 1.0844 7.3214 -6.1084 -2.4707 0.0392 6.4775 10.0 11.9 -2.0 16.6%  
3.5672 1.1434 7.6636 -6.1180 -2.4981 0.0405 6.4775 10.3 12.2 -1.9 15.8%  
4.1214 1.2006 7.8296 -6.0976 -2.5253 0.0419 6.4775 11.0 12.5 -1.5 11.9% Good
4.0874 1.2568 8.1714 -6.1040 -2.5524 0.0433 6.4775 11.4 12.8 -1.4 11.2% Good
4.2559 1.2930 8.3919 -6.0905 -2.5792 0.0447 6.4775 11.8 13.1 -1.3 9.9% Good
4.0055 1.2848 8.2370 -6.0211 -2.6059 0.0462 6.4775 11.4 13.3 -1.9 14.0% Good
4.3416 1.2469 8.2810 -5.9819 -2.6324 0.0476 6.4775 11.8 13.4 -1.6 11.8% Good
4.2193 1.2159 7.9775 -5.8910 -2.6587 0.0492 6.4775 11.4 13.4 -2.0 15.0%  
4.5095 1.2159 7.9350 -5.8399 -2.6848 0.0507 6.4775 11.7 13.4 -1.7 12.8% Good
4.6256 1.2352 8.0202 -5.8085 -2.7108 0.0523 6.4775 11.9 13.3 -1.4 10.6% Good
5.3888 1.2667 8.0632 -5.7710 -2.7366 0.0539 6.4775 12.7 13.3 -0.6 4.2% Good
4.8130 1.2808 8.3031 -5.7625 -2.7622 0.0556 6.4775 12.4 13.4 -1.0 7.4% Good
4.4487 1.2848 8.1497 -5.6971 -2.7877 0.0573 6.4775 11.9 13.4 -1.5 11.2% Good
4.2745 1.2767 8.2151 -5.6639 -2.8130 0.0590 6.4775 11.8 13.4 -1.6 11.8% Good
4.5414 1.2808 7.9988 -5.5902 -2.8381 0.0608 6.4775 11.9 13.4 -1.5 11.0% Good
4.0142 1.3052 8.1932 -5.5765 -2.8631 0.0626 6.4775 11.6 13.4 -1.8 13.5% Good
4.5718 1.3577 8.3031 -5.5505 -2.8879 0.0645 6.4775 12.3 13.6 -1.3 9.5% Good
4.2193 1.4034 8.5042 -5.5370 -2.9125 0.0664 6.4775 12.2 13.8 -1.6 11.7% Good
4.2276 1.4415 8.6867 -5.5207 -2.9371 0.0683 6.4775 12.4 14.0 -1.5 11.0% Good
5.2521 1.4923 8.8259 -5.4983 -2.9614 0.0703 6.4775 13.7 14.1 -0.5 3.3% Good
5.0080 1.5471 8.9909 -5.4793 -2.9856 0.0723 6.4775 13.6 14.3 -0.7 4.9% Good
4.9610 1.5987 9.2803 -5.4756 -3.0097 0.0744 6.4775 13.9 14.7 -0.8 5.1% Good
4.9504 1.6213 9.1829 -5.4236 -3.0337 0.0765 6.4775 13.9 14.9 -1.1 7.3% Good
5.1407 1.6239 9.3293 -5.4022 -3.0575 0.0786 6.4775 14.2 15.1 -0.9 6.3% Good
6.3328 1.6012 9.1587 -5.3422 -3.0811 0.0808 6.4775 15.2 15.3 -0.1 0.5% Good
5.3269 1.5715 8.9198 -5.2739 -3.1046 0.0831 6.4775 14.0 15.5 -1.5 9.4% Good
5.0209 1.5690 8.8493 -5.2269 -3.1280 0.0854 6.4775 13.6 15.6 -1.9 12.3% Good
4.8233 1.5764 8.9198 -5.1981 -3.1513 0.0877 6.4775 13.5 15.7 -2.1 13.6% Good
4.9845 1.6163 9.1829 -5.1928 -3.1745 0.0901 6.4775 14.0 15.8 -1.9 11.7% Good
5.9840 1.6908 9.3786 -5.1789 -3.1975 0.0926 6.4775 15.2 16.1 -0.8 5.2% Good
7.1610 1.7955 9.7303 -5.1826 -3.2204 0.0951 6.4775 16.9 16.5 0.4 2.3% Good
6.6335 1.9110 10.0939 -5.1863 -3.2432 0.0977 6.4775 16.8 16.9 -0.1 0.9% Good
7.2040 1.9990 10.2803 -5.1699 -3.2659 0.1003 6.4775 17.6 17.4 0.2 1.4% Good
6.4901 2.0593 10.4154 -5.1479 -3.2885 0.1030 6.4775 17.1 17.7 -0.6 3.4% Good
7.2040 2.1053 10.5246 -5.1233 -3.3110 0.1058 6.4775 18.0 18.0 0.0 0.2% Good
7.5463 2.1520 10.6349 -5.0989 -3.3334 0.1086 6.4775 18.5 18.2 0.3 1.9% Good
7.3815 2.1741 10.7183 -5.0719 -3.3557 0.1114 6.4775 18.4 18.3 0.2 0.9% Good
7.3384 2.2122 10.8023 -5.0453 -3.3779 0.1144 6.4775 18.5 18.4 0.1 0.5% Good
7.2201 2.2670 10.7742 -5.0077 -3.4000 0.1174 6.4775 18.4 18.8 -0.3 1.7% Good
9.3131 2.3226 11.0006 -4.9955 -3.4220 0.1204 6.4775 20.8 19.2 1.6 8.5% Good
8.0236 2.3558 11.1443 -4.9752 -3.4439 0.1235 6.4775 19.7 19.5 0.2 1.1% Good
9.6449 2.4196 11.1443 -4.9413 -3.4658 0.1267 6.4775 21.4 19.8 1.6 8.1% Good
7.8906 2.5331 11.3777 -4.9297 -3.4876 0.1300 6.4775 20.0 20.3 -0.3 1.4% Good
8.0833 2.7225 11.8887 -4.9429 -3.5093 0.1333 6.4775 20.9 21.1 -0.2 1.2% Good
9.3263 2.9097 12.1676 -4.9343 -3.5309 0.1367 6.4775 22.6 22.1 0.4 1.9% Good
9.9120 3.0185 12.4524 -4.9258 -3.5525 0.1402 6.4775 23.5 23.0 0.6 2.4% Good
10.0943 3.0821 12.6456 -4.9093 -3.5740 0.1438 6.4775 24.0 23.5 0.4 1.8% Good
10.2443 3.1630 12.7760 -4.8875 -3.5955 0.1474 6.4775 24.3 24.0 0.3 1.3% Good
11.0517 3.2752 12.8745 -4.8633 -3.6169 0.1511 6.4775 25.3 24.5 0.8 3.3% Good
11.4707 3.3520 13.0070 -4.8420 -3.6382 0.1549 6.4775 26.0 25.0 1.0 3.8% Good
11.6131 3.3434 12.9738 -4.8076 -3.6595 0.1587 6.4775 26.1 25.3 0.8 3.2% Good
11.8110 3.2584 12.7760 -4.7604 -3.6807 0.1626 6.4775 26.0 25.0 1.0 4.1% Good
Intercept
Formula 
Predicted 
Illuminance
Measured 
Illuminance @ 
Position B4
% of error
Predicted 
Error <10% = 
Good
Predicted vs 
Measurement
Formula 
Component X1
Formula 
Component X2
Formula 
Component X3
Formula 
Component X4
Formula Component X5
Formula 
Component X6
Prediction formula output and comparison
P a g e  | 228 
 
Tony Chun Yu Leung           Performance study of a daylight guiding system in an office building 
C2.1 Correlation equations plot for Position B2 (clear sky conditions) 
This section provides supplementary information for the regression study in 
Chapter 5.5.3 and 6.3.  The six outdoor measurement variables (X variable) are 
plotted against indoor illuminance level at Position B6 (Y variable).  The 
accuracy of the regression study can be assessed by the R-square value.  This 
appendix uses measurement position B6 as an example, to illustrate the 
correlation relationship between indoor and outdoor measurement variables in 
the test room with the light guiding louvre system installed.  
 
 
Figure C2.1: External vertical illuminance vs indoor il luminance  
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Figure C2.2: External global i lluminance vs indoor il luminance  
 
Figure C2.3: Solar radiation vs indoor il luminance  
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Figure C2.4: Clearness index vs indoor illuminance 
 
Figure C2.5: Sine azimuth in radian vs indoor illuminance  
y = 8E+07x6 - 3E+08x5 + 4E+08x4 - 3E+08x3 + 1E+08x2 - 3E+07x + 3E+06
R² = 0.9785
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R² = 0.991
-50.0
0.0
50.0
100.0
150.0
200.0
250.0
300.0
-1.0000 -0.8000 -0.6000 -0.4000 -0.2000 0.0000 0.2000 0.4000 0.6000 0.8000 1.0000
In
d
o
o
r 
Ill
u
m
in
a
n
c
e
 L
e
v
e
l 
(l
u
x
)
Sin Azimuth (rad)
Sin Azimuth in radian vs Indoor Illuminance with light guiding louvre @ Position B6
Series1
Poly. (Series1)
P a g e  | 231 
 
Tony Chun Yu Leung           Performance study of a daylight guiding system in an office building 
 
Figure C2.6:  Solar altitude vs indoor i lluminance  
 
C2.2 Correlation equations plot for Position B2 (overcast sky conditions) 
 
Figure C2.7: External vertical illuminance vs indoor il luminance 
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Figure C2.8: External global i lluminance vs indoor il luminance  
 
Figure C2.9: Solar radiation vs indoor il luminance 
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Figure C2.10: Clearness index vs indoor il luminance  
 
Figure C2.11: Sine azimuth in radian vs indoor illuminance  
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Figure C2.12: Solar altitude vs indoor i lluminance  
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C3.1  Regression study and residual plot for Position B6  
(clear sky conditions) 
 
Figure C3.1: Regression study summary for clear sky conditions 
 
SUMMARY OUTPUT Correlation Study of Position B6
 Clear Sky Condition
Regression Statistics 1 Ext Vert vs B6 (PM)
Multiple R 0.995599 2 Ext Glob vs B6 (PM)
R Square 0.991218 3 Rad vs B6 (PM)
Adjusted R Square0.991107 4 KT vs B6 (PM)
Standard Error7.120187 5 SIN AZM_RAD vs B6
Observations 481 6 ALT vs B6
ANOVA
df SS MS F Significance F
Regression 6 2712397 452066.2 8917.01 0
Residual 474 24030.41 50.69706
Total 480 2736428
CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%
Intercept 6.575241 4.645826 1.415301 0.157637 -2.55372 15.7042 -2.55372 15.7042
X Variable 10.019945 0.006904 2.888942 0.004042 0.006379 0.033511 0.006379 0.033511
X Variable 20.015275 0.009347 1.634236 0.102873 -0.00309 0.033641 -0.00309 0.033641
X Variable 3 -0.07637 0.043861 -1.74124 0.08229 -0.16256 0.009814 -0.16256 0.009814
X Variable 4 3.79E-07 2.84E-07 1.334474 0.182689 -1.8E-07 9.38E-07 -1.8E-07 9.38E-07
X Variable 51.016925 0.04785 21.25241 6.74E-71 0.922901 1.110949 0.922901 1.110949
X Variable 6 -0.00255 0.003116 -0.81787 0.413841 -0.00867 0.003574 -0.00867 0.003574
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Figure C3.2: Residual plot for the X variables (clear sky conditions)  
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C3.2 Regression study and residual plot for Position B6  
(overcast sky conditions) 
 
Figure C3.3: Regression study summary (overcast sky conditions)  
  
SUMMARY OUTPUT Correlation Study of Position B6 
Overcast Sky Condition
Regression Statistics 1 Ext Vert vs B6 (PM)
Multiple R 0.977996 2 Ext Glob vs B6 (PM)
R Square 0.956477 3 Rad vs B6 (PM)
Adjusted R Square0.9562 4 KT vs B6 (PM)
Standard Error1.843177 5 SIN AZM_RAD vs B6
Observations 952 6 ALT vs B6
ANOVA
df SS MS F Significance F
Regression 6 70553.32 11758.89 3461.242 0
Residual 945 3210.451 3.397303
Total 951 73763.77
CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%
Intercept 6.477524 0.70773 9.152529 3.35E-19 5.088619 7.866429 5.088619 7.866429
X Variable 10.417469 0.021854 19.10251 4.85E-69 0.37458 0.460357 0.37458 0.460357
X Variable 20.086078 0.009839 8.748356 9.79E-18 0.066768 0.105387 0.066768 0.105387
X Variable 30.555229 0.024531 22.63385 5.7E-91 0.507088 0.603371 0.507088 0.603371
X Variable 40.000756 5.4E-05 13.98163 1.63E-40 0.00065 0.000862 0.00065 0.000862
X Variable 5 -0.26194 0.045844 -5.71369 1.48E-08 -0.3519 -0.17197 -0.3519 -0.17197
X Variable 60.002664 0.001156 2.304574 0.021406 0.000396 0.004933 0.000396 0.004933
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Figure C3.4: Residual plot for the X variables (overcast sky 
conditions) 
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Appendix D –  
Principle of luminance measurement  
with a calibrated digital camera 
 
The luminance images illustrated in this research were taken by a calibrated 
Nikon Coolpix 5400 camera with a fish eye lens.  The images were processed 
by a supplied software package called Photolux 1.3.5 to become the luminance 
maps.   This appendix provides a brief explanation on the principle of finding 
luminance value with the luminance camera.  Settings for the luminance camera 
used in this research also provided. 
 
The quality of light which reach the charge-coupled device (CCD) in a calibrated 
luminance camera is proportional to the aperture of the camera diaphragm, and 
to the time during which it was opened.  At a constant focal length, the aperture 
is proportional to the square of its value: 1/F2.  Providing t is the time of 
exposure, the quantity of light reaching the CCD is proportional to t/F2.  
Therefore if the sensitivity and the gain of the camera sensor are kept constant, 
the information provided by the CCD only depends on this ratio.  In order to give 
a numerical value to the quantity of light which came into the camera, exposure 
value (EV) has been used.  EV is frequently used in the photography or 
metrology fields, and depends on the inverse ratio of t/F2.  
 
To find out the luminance quantity of a particular view or surface, a series of 
photo has to be taken by the luminance camera for calibration and analysis.  
The idea of the luminance camera calibration is to produce as many 
P a g e  | 240 
 
Tony Chun Yu Leung           Performance study of a daylight guiding system in an office building 
lightness/luminance couples as possible, for a given EV as in Figure D1.1.  The 
luminance calibration consist in finding the relationship between the lightness of 
a pixel in CCD and the luminance of the point it represents in the scene, and 
this relationship depends on the exposure value (EV).  Particular camera 
settings provided by the manufacturer have been used for setup and taking the 
luminance images, as in Figure D1.2. The idea of the settings is providing 
camera a constant value and prevents the camera to use any internal gain.  All 
settings for photo enhancement, such as: image sharpening, noise reduction 
are all been disabled. 
 
 
Figure D1.1: Exposure values corresponding to the settings of the 
Nikon Coolpix 5400 camera 
 
There is a linear relationship between lightness (L*) and the logarithm of the 
luminance (L) for each exposure value, but this relationship is only valid within a 
given range of lightness.  This relationship is illustrated in Figure D1.3 and 
express with a formula:              L* = A(EV)Log(L) + B(EV) 
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Figure D1.2:  List of the settings used for taking images for produce 
luminance map 
 
 
Figure D1.3: Relationship between L* and Log (L) for the Nikon 
Coolpix 5400 camera 
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The validity range of lightness (L*) limited the validity range of luminance can be 
measured.  By investigate the formula mentioned above; the range of 
luminance that can be measured at any EV can be defined.  Figure D1.4 
represent the range of luminance which can be measured by the calibrated 
Nikon Coolpix 4500 camera at any exposure value.  These results are used by 
the Photolux program to produce luminance values for all image in this 
research. 
 
 
Figure D1.4: Range of luminances that can be measured for an EV 
with the Nikon Coolpix 5400 Camera 
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Appendix E – Energy-10 modelling summary 
The following Figure E1.1 is a summary of the Energy-10 simulation model built 
to perform the analysis as described in Chapter 5.5.4 and results in Chapter 
6.4.   There are two simulated cases, the reference case is the existing 
condition with daylight dimming installed and the low energy (improved) case is 
the test room with the light guiding louvre system installed in the north facing 
clerestory window portion.  Both simulated cases are based on the same model 
geometry and material selections.  Figure E1.2 is a simulation output from the 
Energy-10 model shows the artificial lighting operational profile, actual hourly 
lighting energy use and saving on a in-situ measurement day. 
 
Energy-10 Summary Page                                                
Nov 07, 2005 
Project: 5-Zone model         Project Directory:  D:\BLDG-T E-10 
Model\5Zone Model 
 
Description:  Reference Case Low-Energy Case 
Scheme Number:  1 / Saved 2 / Saved 
Library Name:  BUILDING TLIB BUILDING TLIB 
Simulation 
status, 
Thermal/DL valid/NA valid/valid 
We her file:  melbourne.et1 melbourne.et1 
Floor Area, m²  44.0 44.0 
Surface Area, 
m² 
 169.0 169.0 
Volume, m³  132.0 132.0 
Total 
Conduction 
UA, 
W/K 
 160.3 160.3 
Average U-
value, 
m²K  5.385 5.385 
W l 
Constructio 
n concrete side wall, 
R=60.5,etc 
concrete side wall, 
R=60.5,etc R of Construction hollowcore, R=61.0 hollow ore, R=61.0 
Floor type, 
insulation 
Slab on Grade, Reff=1.0 Slab on Grade, Reff=1.0 
Window Construction          low portion window_s, U=5.99,etclow 
portion window_s, U=5.99,etc 
 
Window Shading  building t,etc building t,etc 
Wall total gross 
area, 
m²  81  81 
Roof total gross 
area, 
m²  44  44 
G ound total gross 
area, 
m² 44 44 
Window total gross 
area, 
m² 18 18 
Windows 
(N/E/S/W:Roof) 
 3/0/6/0:0 3/0/6/0:0 
Glazing name  single, U=6.30 single, U=6.30 
 
Operating parameters for zone 1 
HVAC system                DX Cooling with Gas Furnace DX Cooling 
with Gas Furnace 
Rated Output (Heat/SCool/TCool),kW              7/7/9                       
7/6/8 
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Rated Air Flow/MOOA,L/s                         462/34                      
427/34 
Heating thermostat                 22.2 °C, no setback         22.2 
°C, no setback 
Cooling thermostat                   24.4 °C, no setup           24.4 
°C, no setup 
Heat/cool performance                   eff=80,COP=2.6              
eff=80,COP=2.6 
Economizer?/type                                 no/NA                       
no/NA 
Duct leaks/conduction losses, total %           11/10                       
11/10 
Peak Gains; IL,EL,HW,OT; W/m²    10.00/3.55/2.80/16.36       
10.00/3.55/2.80/16.36 
Added mass?                                       none                        
none 
Daylighting?                                        no     yes, 
continuous dimming 
Infiltration, cm²                            ELA=748.1                   
ELA=748.1 
 
Results: 
Energy cost  0.014$/kWh,0.054$/kWh,2.470$/kW 
0.014$/kWh,0.054$/kWh,2.470$/kW 
Simulation dates 
Energy use, kWh 
  01-
Jan 
to 31-Dec 
15438 
01-Jan to 31-Dec 
14352 
Energy cost, $     718   624 
Saved by 
daylighting, 
kWh    -   1149 
Total Electric, 
kWh 
    9760   8212 
Internal/External 
lights, 
kWh 1269/639 120/639 
Heating/Cooling/Fan, 
kWh 
 0/1848/1787 0/1572/1664 
Hot water/Other, kWh  0/4218 0/4218 
Peak Electric, kW  4.8 4.3 
Fuel, hw/heat/total, 
kWh 
 644/5031/5676 644/5494/6138 
Emissions, 
CO2/SO2/NOx, kg 
 6988/36/19 6128/30/17 
onstruction Costs  78158 78252 
Life-Cycle Cost  105526 102270 
 
Figure E1.1: Modelling summary for Energy-10 simulation 
 
 
Figure E1.2: Simulation output for actual hourly lighting energy use 
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Appendix F –  
Modelling script for RAYTRACE simulation 
 
The modelling script was written for a theoretical study on the optimum blind 
positions with the RAYTRACE simulation programme (Moore, I 1998).  The 
script language is simply an ASCII text files without text formatting information.   
Once the script has performed, a two dimensional cross-section model of the 
investigated light guiding louvre system will illustrated.  The script allows user to 
choose daylight incident angles to a test cell, position the blind differently and tilt 
the blind slat at different angles.  Simulated ray-tracing effects are visually 
display inside the two dimensional test cell model.  Detail of the modelling script 
is provided as below: 
 
!english 
.debug 0 
%This is a script for testing the performance of Light Guiding Louvre System 
%----------------------------------------------------------------------------------- 
 
:STAR 
.file_new 
.enable_undo 0 
.quiet_snap 1 
.clear_var 
.new_text  
This is a script for testing the performance of Light Guiding Louvre System 
 
 
Do you wish to continue? 
.yes_no DOIT END 
:DOIT 
.clear_all 
.grid_size 100 100 
.grid 1 
.new_text 
Please wait while the script constructs the experimental chamber. 
%---------------------------------------------------------------- 
%Turn off painting 
.painting 0 
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%---------------------------------------------------------------- 
%Create the chamber model 
.create_screen 
.fc 0 0 
.fcr 0 -100 
.fcr 100 0 
.fcr 0 100 
.fcr 3000 0 
.fcr 0 -800 
.fcr -3000 0 
.fcr 0 100 
.fcr -100 0 
.fcr 0 -100 
.end_element 
.=> chamber 
 
.tapemeasure 
.fc 100 -900 
.fc 3100 -900 
.=> TAPE1 
.tapemeasure 
.fc 3200 -800 
.fc 3200 0 
.=> TAPE2 
 
:END 
.unselect_all 
 
 
%Create the 3 mm Glass 
.create_region 
.fc 10 -80 
.fc 13 -80 
.fc 13 -720 
.fc 10 -720 
.end_element 
.=> Glass 
 
%---------------------------------------------------------------- 
%Turn on painting 
.painting 1 
%---------------------------------------------------------------- 
 
.zoom_extents 
 
%Upper Control Device 
.create_screen 
.fc 40 -100 
.fc 40 -160 
.fc 100 -160 
.fc 100 -100 
.end_element 
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.=> Device 
 
 
%Draw the Light Guidling Shading Device 
.Conic_options vertex_axis_eccent 1 
.create_surface 
.fc 100 -235 
.conicseg 
.fc 61.625 -198.784347 
.fc 61.325 -243.275 
.fc 23.245 -235 
.end_element 
.=> LGSD1 
 
.select_object LGSD1 
.copy 
.fc 100 235 
.paste 
.fcr 0 -45 
.paste 
.fcr 0 -45 
.paste 
.fcr 0 -45 
.paste 
.fcr 0 -45 
.paste 
.fcr 0 -45 
.paste 
.fcr 0 -45 
.paste 
.fcr 0 -45 
.paste 
.fcr 0 -45 
.paste 
.fcr 0 -45 
 
.new_text 
Finished 
.pause 
 
%Daylight Angle 
:DAYLIGHT 
.new_text 
Please select the daylight incident angle 
 
 
A   30 degree  
 
B   40 degree  
 
C   50 degree  
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D   60 degree  
 
E   70 degree  
 
 
%Display the choice buttons 
.choose 5 A B C D E  
 
:A 
.new_text 
You selected 30 degree incident angle 
.pause 
.source_ray_count 100 
.plane_source 
.fc -300 100 
.fc 0 -73.205081 
.fcr 0 -1000 
.zoom_extents 
.goto BLINDANGLE 
 
:B 
.new_text 
You selected 40 degree incident angle 
.pause 
.source_ray_count 100 
.plane_source 
.fc -300 100 
.fc 0 -151.729889 
.fcr 0 -1000 
.zoom_extents 
.goto BLINDANGLE 
 
:C 
.new_text 
You selected 50 degree incident angle 
.pause 
.source_ray_count 100 
.plane_source 
.fc -300 0 
.fc 0 -157.526078 
.fcr 0 -1000 
.zoom_extents 
.goto BLINDANGLE 
 
:D 
.new_text 
You selected 60 degree incident angle 
.pause 
.source_ray_count 100 
.plane_source 
.fc -300 500 
.fc 0 -19.615242 
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.fcr 0 -1000 
.zoom_extents 
.goto BLINDANGLE 
 
:E 
.new_text 
You selected 70 degree incident angle 
.pause 
.source_ray_count 100 
.plane_source 
.fc -300 800 
.fc 0 -24.243226 
.fcr 0 -1000 
.zoom_extents 
.goto BLINDANGLE 
 
:BLINDANGLE 
.select_extended 
.fc 150 -650 
.fc 50 -200 
 
.new_text 
Now will be in User Control Mode 
 
Please Select the object link snap point  
 
 
Modify-->Element-->Link Snap 
 
 
(Suggest to link with the mid-point of the control device, right click mouse for snap to mid-
point) 
 
Click on Continue when you have finished. 
.user_control 
 
.new_text 
Can you sucessfully link the blinds to the control? 
.yes_no PROCEED RETRY 
:PROCEED 
.goto ROTATE 
:RETRY 
.enablE_undo 0 
.goto BLINDANGLE 
 
:ROTATE 
.rotate_drag 
.fc 70 -160 
.fc 1500 -160 
.new_text 
Move the mouse to change the angle of the blinds. Click when finished. 
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(press control while dragging if u want to maintain horizontal angle) 
.user_click 
 
% Find the turning angle 
.object_coordinates LGSD1 1 end 
.printf %g X 
, 
.printf %g Y 
.protractor 
.fc 300 -234.953828 
.control_key 1 
.fc -100 -234.953828 
.control_key 0 
.object_coordinates LGSD1 1 end 
.fc X Y 
.=> PROTRACT 
.unselect_all 
 
 
 
.new_text 
Do you want to do it again? 
 
A Start over again 
 
B Turn the blind angle again 
 
C No Thanks 
 
.choose 3 A B C 
:A 
.new_text 
You have selected "Start over again" 
.pause 
.goto STAR 
:B  
.clear_protractors 
.new_text 
You have selected "Turn the blind angle again" 
.pause 
.goto ROTATE 
:C 
.new_text 
Thank You 
.pause 
 
%Save the diagram before jumping to the next part.   
%Use .Save/d so that all handles etc 
%are guaranteed to be valid on reloading. 
.save/d temp1.ray 
 
.unselect_all 
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